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INTRODUCTION. 


It will at once be seen that condensation of the materials pro- 
duced by previous authors, and the introduction of a judicious 
selection of matter, adapted to the expanded intellect of the 
present age, are the proper requisites for a work on Mensura- 
tion. To this plan, the author trusts, from his long experience 
in engineering pursuits, that he has strictly adhered. In the 
first part on Practical Geometry, numerous examples arc 
introduced, wherein the dimensions of certain parts arc given 
to find the dimension of their corresponding parts, which lias 
been rarely or never done by previous authors. This part is 
succeeded by a second part on the Mensuration of Lines ; 
which is not added for the sake of novelty ouly, but because it 
seemed to be the natural order of a work of this kind. The 
third and fourth Parts treat of the Mensuration of Super- 
ficies and of Solids ; while in all the three lost named Parts 
the rules are not only given in words at length, in the usual 
way, but the same rules are expressed by Formula:, together 
with other formula* depending thereon, by which the rules re- 
ceive considerable extension. Some of the rules and examples 
are taken verbatim from Dr. Hutton *s Mensuration ; for the 
author conceives that it would be disreputable to attempt, by 
verbal alterations in such rules, to give an air of originality to 
his work, as all other authors have done since Dr. H.’s time : 
the originality of this work consists in the new matter, every 
where added, to adapt it to the wants of modern times. Timber 
measuring and Artificers* work, the latter with considerable 
modern improvements are next introduced, with concise and 
practical methods of finding the surfaces and solidities of 
vaulted roofs, arches, domes, &c. 

Concise, and the author trusts, clear systems of land sur- 
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veying, levelling, laying oat railway carves and finding the 
contents of railway cutting, complete the work, and serve as an 
introduction to die author’s Land and Engineering Surveying , 
which, though called a Rudimentary Treatise, in conformity 
with Mr. Weale’s plan, contains everything, adapted to modern 
practice, that can be desired, an extension to this subject having 
been first given by the aathor, not foand in any work previous 
to those written by him, see pages 174 and 198 of that work. 

The demonstrations of all the rules and formula, in the four 
leading parts of the work will be found in Dr. Hutton's Large 
Mensuration and in the Rudimentary Geometry ; the remainder 
of the demonstrations will be found in the author’s Railway 
Engineering, or in his Land and Engineering Surveying. 

Conic Sections and their solids arc very briefly treated of in 
the four preceding parts of the work, and chiefly in as far as 
they msy be useful to those who may intend to become excise 
officers, whose actual practice is best learnt from an experi- 
enced officer. Thus an extended article, such as is usually 
given by other authors is avoided, as not being generally use- 
ful to practical men. Those, who require extensive informa- 
tion on this subject, are referred to Ilann’s Treatise on Conic 
Sections, a most able and concise work, also in one of Mr. 
Weale’s Rudimentary volumes. 

The weights and dimensions of balls and shells may be found 
by Prob. VIIL, Part IV., in conjunction with the Table and 
Rules for finding the specific gravities of bodies, if required. 

The method of piling balls aud shells, finding their number 
in a given pile, and the quantity of powder contained in a 
given shell or box, form no essential part of a work on mensur- 
ation, being only useful in an arsenal, and are, therefore, also 
omitted. The author has thus secured ample space for the 
discussion of sulyccta really useful to the great majority of 
students and practical men, in the compass of a volume less 
than half the siae and one fifth of the price of the works of his 
predecessors ; besides adding matter, adapted to the wants of 
modern times, not found in any existing work on mensuration. 

The plan bring thus briefly detailed, it will now he proper, 
previous to studying the following work, to give the 
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DIRECTIONS TOR BROUWERS. 

The beginner, for a first course, may omit the Problems be* 
yond the thirty second in Practical Geometry, and Problems 
IIL, VHL, DL, XL, and XU., in the Mensuration of lines, 
with the formula and examples depending on them. He may 
also omit all the formulas, in the Mensuration of Superfices and 
Solids, with the examples depending on them, as well as the 
Problems beyond the tenth in the Mensuration of Solids, except 
it is required he should learn the method of gauging casks, in 
which case omit only the two last problems. But if he require 
an extensive knowledge of some or all the subjects, here treated 
of, he will do well to learn the use of such of the formulas and 
the other parts omitted according to what he may require as a 
practical man. 

T. B. 

The following arc useful works for the Practical Man. 

THE ENGINEER’S AND CONTRACTOR’S POCKET 
BOOK, REVISED FOR 1851* 

In morocco luck, price 6a. 

MATHEMATICS FOR PRACTICAL MEN: 

being a common-place U#*k of principles, theorem*, rule*, and tables, in various 
departments of pure and mixed mathematic*, with their application especially 
for the use of Civil Engineer*, Architects, end Surveyors, lly Oijjiruvn 
Griooht, LL.L)., F.R.A.S. In one large vol., 8vo., third edition, revised and 
enlarged by B. 11. Law, C.E., with engravings, [trice 21a. in strong half-morocco. 

The plates are folded in tb« book, lint spaced out for reference whilst reading 
any part of the work, and consist of 

I to 5. Geometrical diagram*.— 3&0 figure*. 10. LooirttudJiial auction of locooKrtho eng ine. 

Details of a breast water- wheel. 1 1 . Transverse section of ditto. 

7, Fenton, Murray, and Co.’s steam engine. 13. Sections of the cylinders of Woolfs 
a. A ax-horse engine constructed by Thus. engine, Comiab engine, and Atmo- 

Xtddleton, London. spheric engine. 

9. A Ms-bone engine, slides, cylinder, Ac. IS. 7 

THE PRACTICAL RAILWAY ENGINEER: 

Examples of the Mechanical and Engineering Operations and Structure* 
combined in the making of a Railway. 

Curves, gradients* gauge, and slopes. Retaining- walls, bridges, tunnels, Ac. 

Earthworks, cuttings, embankments, Permanent way and construction, 
and drains. Stations and their fittings. 

In 1 voL, 4to, with 50 engravings, half-bound in morocco, pries £1 l fie. 

^ AN EASY INTRODUCTION TO RAILWAY 
MENSURATION, 

iihtttrated by drawings from original works that have ben carried out upon 
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various English Bailway Lines, showing a plain and easy method of taking <mt 
quantities of every description of Railway work and estimating them, and set- 
ting oat work for the making of Railways generally. By E. V. Gardner, C.E. 
In l voU, imperial 8vo n with 15 folding plates of works executed, containing 
tables and explanatory text, price 16s. 

PLATES. 

I. Beet km, part of the Keymcr branch of the London and Brighton Railway. 

I. Small barrel culverts on the Salisbury branch extension Kailway. 

t. I Argo culverts with wing-wall* on the Rattsbury branch extension Railway. 

4. Open culverts on the Salisbury branch extension Railway 

5, Bridge Sir stream at 0 mile* 3* M> chain* on the Portsmouth extension Railway. 

B. Occupation rood under the Famliam and Alton Railway. 

7. Occupation bridge over tin* Famham and Alum Railway. 

S. Ttrotwr viaduct, tiricktajcr*' Arms hmnch of the and Brighton Rnllway. 

9. Inclined bridge for tuni|4ke n>ad over railway from Wlnrluwtcr to Southampton. 

10. Viaduct over slrvatps a* Milford, Ball* bury branch extension Railway. 2 plates. 

II. Timber viaduct, Tamwurth Halt. 

It. Timber viaduct, with Iron tension rods for any length. 

IS. Part of a Railway plan, and the sertlun of U, with the curve* set out, and offsets. 

14. Sections of railway. In embankment* and rutting*, with outside fencing, ditches, Arc. 

15. Part of the plan of the Hyston and Petertjumuijih Railway, with curves act off. 

ENSAMPLES OF RAILWAY MAKING; 

which, although not of English practice, are submitted, with practical illustra- 
tions, to Civil Engineers, and to the British and Irish public, lu royal Svo., 
HR plates, extra cloth hoards price 1 2s. 

CXINTKWTH : 

Preliminary olwirvation* recommendatory of the adoption of a more 
economical mode of railway making in connection with the groat linea already 
in operation, and a much further extension of a principle of railways for less 
advantageous traffic than the great lines alford, yet essential fur the develop- 
ment of the resources of the country, by employment of material of a less 
coat. Landed proprietors would And their advantage in the improvement of 
their land by a quick transit, and, consequently, more ready sale for their pro* 
does, in somo instance* the material is on their estates. 

Mechanical Worka on the Utica and Syracuse Railroad, explanatory, with 
specification and cost of thia, one of the best constructed railroads in the United 
States, made over ewampa, creeks and valleys, at a cost of £3600 per mile. 

UOT OP PLATES ILLUSTRATIVE OF TIIE WORK. 

I. Punt du Val-llenott, Urge. 16. loomctrical projection of a trestle bridge 

X Sketch of the proposed Hastings and Bye over the Onondaga Crock and Valley, 

Railroad, to Juiu the Mouth- Eastern. 20 * 1 * 11 * of 30 fleet each. 

X Sketch of Mr. Stephenson's pjvjkwwI 17. Detail* of the carpentry and Joinery of 
Fiench line*, la communication with American timber bridge*, 

the South-Eastern. IS. Perspective view of a pile-driving steam 

4. American tocomotivr luggage engine, on engine. 

the Ttica and Syracuse Railroad : speed 10. leonudrical projection of eoperatructuiv 
)t> to to mile* per hour. for pile road. 

X View of an American excavating machine. 20. Ditto of Iron plate, showing the manner 
X je om a trt cai pmjecUieu of timber bridge* of jutning with an eod plate beneath 

on the Utica ami Syracuse Railroad, the Joint* Isnmetrieal projections of 

men* of 40 and 90 fort. single and double k n e e s cmaa section 

7. Ditto, span of 60 foot. of superstructure for pile end graded 

X Elevation, plan, fee., span of 89 feet roads— details of superstructure, foe. 

X 10. Ditto, spans of ad fleet and M feet. SI. Isometrical projection of euperetmeturv 

11. Isometrioal pritjectlen, span ore for graded mad. 

IX mm of an abutment for a bridge of SI 23,23. Cmmiag plates for railroad. 

foot man over the Oneida Creek. 24. Branch plate* for railroad. 

IX Ditto of a trestle bridge over the Oneida 24. Cuhrert for ditto. 

Creek Valfoy, 60 span* of 29 foet each. 26. Viaduct under the Brie Canal, at Ledl. 

IX Ktovatkm of man of loo foot. oailvats or nutn. 

IX Geometrieal section and plan, and teome- 27. Sectkms of Use Belgian Railway. 

>K Section of the Vesdr* Battway . 



MENSURATION 


Mensuration treats of tiie various methods of measuring and 
estimating the dimensions and magnitudes of figures and bodies. 
It is divided into four parts, viz., Practical Geometry, and 
Mensuration of Lines, of Superficies, and of Solids, with their 
several applications to practical purposes. 


PART I. 

PRACTICAL GEOMETRY. 

DEFINITIONS. 

1. A point has no dimensions, neither length, breadth, nor 
thickness. 

2. A line has length only, as A. A 

3. A surface or plane lias length and | | 

breadth, as B. I _ " 

4. A right or straight line lies wholly in the same direction, 
as AB. 

5. Parallel lines are always at the same 
distance, and never meet when prolonged, 
as A B and C I). 

6. An angle is formed by the meeting 
of two lines, as A C, C B. It is called 
the angle A C B, the letter at the angular 
point C being read in the middle. 

7. A right angle is formed by one right 
line standing erect or perpendicular to 
another; thus, A B C is a right angle, as 
is also ABE. 

8. An acute angle is less than a right 
angle, as D B C. 

9. An obtuse angle is greater than a right angle, as D B E. 




V* ^ triangle has one rieht 

** B C. The side A C, opposite 
the right angle, is called the hypothenuse; the 
sides A B and B C are respectively called the 
base and perpendicular. 

12. An obtuse angled triangle has one obtuse 
angle, as the angle at B. 

13. An acute angled triangle had all its 
three angles acute, as D. 

A 14. An equilateral triangle has three equal 
sides, and three equal angles, as E. 

A 1 5. An isosceles triangle has two equal sides, 
and the third side greater or less than each of 
the equal sides, as F. 

16. A tpiadrihitera l figure is a spare bounded by four right 
lines, and has four angles ; when its opposite sides are equal, it 
is called a parallelogram . 

17 .A square has all its sides equal, and all 
its ungles right angles, ns G. 

18. A rectangle is a right angled parallelogram, whose length 
exceeds its breadth, as B, (see tigure to definition 2). 





19. A rhombus is a parallelogram having 
all its sides and each pair of its opposite angles 
equal, as I. 
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20. A rhomboid is a parallelogram having 
its opposite sides and angles equal, as K. 



21. A trapezium is bounded by four 
straight lines, no two of which are parallel 
to each other, as L. A line connecting 
any two of its angles is called the diagonal, 
as AB. 
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22. A trapezoid is a quadrilateral, haring 
two of its opposite sides parallel, and the re- 
maining two not, as M. 

23. Polygons have more than four sides, and receive par- 
ticular names, according to the number of their sides. Tims, 
a pentagon has five sides ; a hexagon, six ; a heptagon , seven ; 
an octagon, eight ; &c. They are called regular polygons, 
when all their sides and angles are equal, otherwise irregular 
polygons. 

24. A circle is a plain figure, bounded by a 
curve line, called the circumference, which is 
everywhere equidistant from a point C within, 
called the centre. 




25. An arc of a circle is a part of the 
circumference, as A B. 

26. The diameter of a circle is a 
straight line A B, passing through the 
centre C, and dividing the circle into two 
equal pnrts, each of which is calhnl a 
semicircle. Half the diameter AC or 
C B is called the radius. If a radius C B 



be drawn at right angles to A B, it will 

divide the semicircle into two equal parts, each of which is 
called a quadrant, or one fourth of a circle. A chord is a right 
line joining the extremities of an arc, as FE. It divides the 
circle into two unequal parts call«*d segments. If the radii C F, 
C E be drawn, the space, bounded by these radii and the arc 
F E, will be the sector of a circle. 

27. The circumference of every circle is supposed to be 
divided into 360 equal purts, calhnl degrees, and each degree* 
into 60 minutes, each minute into 60 seconds, he. Hence a 
semicircle contains 180 degrees, and a quadrant 90 degrees. 

28. The measure of an angle is an arc of 
any circle, contained between the two lines 
which form the angle, the angular point 
being the centre ; and it is estimated by the 
number of degrees contained in that arc 
thus the arc A B, the centre of which is C, 
is the measure of the angle A C B. If the 
angle A C B contain 42 degrees, 29 minutes, and 48 seconds, 
it is thus written 42° 29' 48". 
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PROBLEMS IN PRACTICAL GEOMETRY. 

(In solving the five following problems only a pair of common rotn panes and 
a straight edge are required ; the problems beyond the fifth require a scale of 
equal parts; and several of those beyond the thirteenth a line of chords: all of 
which will be found in a common case of instrument*.) 

PltOM.KM I. 

\ C . To divide a given straight line AB into two 

/[ equal jtarU, 

From the centres A and II, with any radius, 
__ _ _ _ or opening of the compasses, greater than half 

A K H A 11, describe two arcs, cutting each other in C 
and I); draw C D, and it will cut A 14 in the 
P* middle jwiint K. 

Pkohlkm II. 

At a (firm distance K, to draw a straight line C D, parallel 
to a given straight line A 15. 

E — - — From any two points m and r, in 

the line A 11, with a distance equal 

C 7-^ - = - ? ■■■■■- n to E, describe the ares n and s: — 

draw Cl) to touch these ares without 
A - — U cutting them, and it will be the pa- 

w r rallel required. 

Norn This problem, as well as tin- following one, is usually performed by an 
instrument called the rulrr. 

PltOlH.KM III. 

Through a given point r, to draw a straight line C I) parallel 
to a given straight line A B, 

From any point n in the line A B, with 
r , the distance n r, describe the arc r m : — 

C . — D from centre r, with the same radios, describe 

the are n s : — take the arc m r in the com* 

A * u passes, and apply it from n to s through 

m n r and s draw C D, which is the parallel re- 

quired, 

Proui.km IV. 


From a given point P in a straight line A B to erect a per • 
pendkular . 

1 , When the point is in or near the middle of the line . 

On each side of the point P take any two 
c equal distances, Pm, P#i; from the points 
m and w, as centres, with any radius greater 
than P mi, describe two arcs cutting each 
other in C; through C, draw C P, and it will 
A HT p « b k* perpendicular required. 
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2. When the point P is at the end of the line , 

Wilh the centre P, and any radius, 
describe the arc mrs ; — from the point 
m, with the same radius, turn the com- r 

passes twice on the are, as at r and s : — 
again, with centres r and s, describe arcs f 

intersecting in C draw C P, and it / 

will be the j>erpendicular required. A m 

Note. Thi« problem and the following one ore usually done with ad instru- 
ment called the $tptart. 

Pro in. km V. 

From a given point C to let fall a perpendicular to a giten line , 
1. When the jtoint is nearly opposite t/ie middle of the line. 


From C, as a centre, describe an arc to cut 
A B in m and n ; — with centres tn and n, 
and the same or any other radius, describe 
arcs intersecting in o : through C und o druw 
C o, the perpendicular required. 



2, When the point is nearly opposite the end of the line. 
From C draw any line C' ?n to meet It A, 
in any point m ; — bisect C tn in n, and with 
the centre n, and radius C ?», or m m, describe 
an arc cutting It A in P. Draw C P for the » / 
perpendicular required. y 


C 



* I* 


B 


A 


Problem VI. 

To construct a triangle with three given right lines , any two 
of which must he greater than the third. (Euc. I. 22.) 

Let the three given lines be 5, 4 and 3 
yards. From any scale of <*qual parts lay 
off the base A It =. 5 yards ; with the 
centre A and radius AC = 4 yards, de- 
scribe an arc ; with centre It and radius A " ~B 

C II = 3 yards ; describe another arc cutting the former arc in 
C draw A C and C B ; then A B C is the triangle required. 



Problem VII. 

Given the base and perjtendicular , with 
the place of the latter on the base, to con~ q 
struct the triangle. 

Let the base A B = 7, the per- 
pendicular CD = 3, and the dis- 
tance AD = 2 feet. Make AB 
= 7 and AD s= 2; — at D erect the 

A B 
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perpendicular D C, which make = 3 : — draw A C and C B ; 
then AB C is the triangle required. 


Problem Yin. 

To describe a square , whose side shall be of a given length. 

Let the given line A B be three feet 
At the end B of the given line erect the 
perpendicular BC, (by Prob. IV. 2.) which 
make = AB : — with A and C as centres, 
and radius A B, describe arcs cutting each 
other in D : draw AD, DC, and the square 
will be completed. 



Problem IX. 

To describe a rcctangled parallelogram having a given length 
and breadth . 

Let the length A B 5 feet, 
c and the breadth B C = 2. At B 
erect the perpendiculur B C, and make 
it = 2 : — with the centre A and ra- 
B dius B C describe an arc ; and with 
centre C and radius A B, describe 
another arc, cutting the former in D : 
join A D, D C to complete the rectangle. 



Problem X. 


The base and two perjtendiculars Iteing given to construct a 
trajwzoid. 



Let the base AB = 6, and the 
perjKjndieulnrs AI) and BC, 2 and 
3 feet reflectively. Draw the 
perpendiculars AD, DC, as given 
almve, and join DC, thu9 com- 
pleting the trajiezoid. 


Problem XL 

To construct a right angled triangle having a given base and 
perpendicular , and to find the hgpothenuse . 

Let the base AB = 6 feet, and the per- 
pendicular B C = 8. Draw B C perpen- 
dicular to A B, and join A C ; then ABC 
will be the triangle required, and A C being 
measured will be found s 10 feet. 
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Problem XII. 

Having given the hate and hypothenuse to construct the right 
angled triangle, and find the perpendicular . 

( See figure to last Probletn.J 

Let A B =r 6 feet, and A C = 10. — Draw the perpendicular 
BC indefinitely; take AC = 10 feet in the compasses, and 
with one foot on A apply the other to C ; join A C, which 
completes the triangle, and 13 C will be found = 8 feet. 


EXAMPLE. 

A ladder 50 feet in length is placed with its foot 14 feet from 
a wall, the top of the ladder just reaching to the top of the wall ; 
required the height of the wall. 

Here 14 feet is the base of the right angled triangle, and 50 
feet, = length of the ladder, is the by pot hen use, with which the 
triangle being constructed, the perj»endiculur will be found = 
48 feet. 

Problem XIII. 



To divide a given angle A 13 C into two et/ual parts , 
From the centre 13, with any 
distance, describe the arc A C. 

From A and C, with one and the 
same radius, describes arcs inter- 
secting in m. Draw the line B m, 
and it will bisect the angle os re- 
quired. 

Problem XIV. 

lo set off an angle to contain a given number of degrees. 
Let the angle be required to 
contain 41 degrees. Open the 
compasses to the extent of 60 J 
upon the line of chords and, 
setting one foot upon A, with 
this extent, describe an are cut- 
ting A B in B ; then taking the 



extent of 41° from the same line of chords, set it off* from B to 
C ; join A C ; then B A C is the angle required. 

Problem XV. 


To measure an angle contained by two straight lines, 

( See last figure,) 

Let AB, AC contain the angle to be measured. Open the 
compasses to the extent of GO , as before, on the line of chords, 
and with this radius describe the arc 13 C, cutting AB, AC 
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Problem XVL 
To find the centre of a circle. 

Draw any chord AB, and by Prob. I 
wect it perpendicularly with C D, whicl 
toI be a diameter. Bisect C D in the poini 
0| and that will be the centre. 

Problem XVII. 

Ik describe the circumference of a circle through three gtvei 

ihtoiBC. 

From the middle point B draw chord 
to the two other points A, C, bisect thea 
chords perpendicularly by lines meeting 
in O, which will be the centre ; then fron 
the centre O, at the distance 0 A, or 0 B 
or 0 C, describe the circle, 

Won. In the same manner may the centre of an arc of a circle be found. 

Problem XVIII. 

Through a given point A to draw a tangent to a given circle \ 
Case I. When A is in the circumference of the circle, . 

_ w From the given point A, draw A O to 
the centre of the circle ; then through A 
\\ \ draw B C perpendicular to A 0, and it will 
be the tangent as required. 

Case II. ffhen the given point is B not in 
the circumference. 
h rom B draw^ B O to the centre of the circle ; and on B O 
describe the semicircle B A O, cutting the circle in A : then 
through B and A draw B AC, and it will be the tangent re- 
quired. 
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Problem XIX. 

To make a regular pentagon on a given line A B. 

Make B m perpendicular and equal - 

to half A B ; draw A m, and produce N \* 

it till mm be equal to Bm ; with centres // nN 

A and B, and distance Bn describe Jy 

arcs intersecting in o, which will be A 1** 

the centre of the circumscribing circle: \\ /O 

then with the centre o, and the same 

radius, describe the circle ; and about a " — B 

the circumference of it apply A B the proper number of times. 

Problem XX. 

To make a hexagon on a given line A B. s - — 

With the distance AB, and the /f V\ 

centres A and B, describe arcs inter- :/ V\ 

secting in o; with the same radius and 7 * \c 

centre o describe a circle, which will ^ ^ /; 

circumscribe the hexagon ; then apply \\ // 

the line A B six times round the cir- \ J / 

cumference, marking out the angular A ' ® 

points, and connect them with right lines. 

Problem XXI. 

To make an octagon on a given line A B. 

Erect A F and B E perpendicular r f e„ 

to AB; produce A B both ways, and "**** % } ^ 

bisect the angles mAF and n B E /j\ ^ 

with the lines A H and B C, each Gf ; 1 

equal to AB; draw CD and 11G j 

parallel to A F or BE, and each 

equal to A B; with the distance A B, M I j . %% Jc 

and centres G and D, cross A F and X ; i / \ 

BE in F aud E : then join GF, FE, • ; 

and it is done. m A B « 

Problem XXII. 

To make any regular polygon on a 
given line A B. /j 

Draw A o and B o making the / / 0 \\ 

angles A and B each equal to half ; / \ y. 

the angle of the polygon, by Prob. / \ J 

XIV., with the centre o and distance / \ 

o A describe a circle : then apply 
the line AB continually round the 'b 

circumference the proper number of times, and it is done. 

1 * 
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Mots. The angle of any polygon, of which the angles o A B and o B A are 
each one half, it found thus : divide the whole 360 degrees by the number of 
•idea, and the quotient will Iks the angle at the centre n; then subtract that from 
180 degrees, and the remainder will Iks the angle of the polygon, and is double 
of o A B or of « B A. And thus you will tind the numbers of the following 
table, containing the degrees in the angle <>, at the centre, and the angle of the 
polygon, for all the regular figures from 3 to 12 sides. 


No. of sides. 

Name of the Polygon. 

Angl»* o 
at the 
centre. 

Angle 
of the 
polygon. 

Angle 
o A U or 
o B A. 

3 

Trigon 

120° 

60° 

30° 

4 

Tetragon 

90 

90 

‘45 

5 

Pentagon 

72 

108 

54 

6 

Hexagon 

GO 

120 

60 

7 

Heptagon 


1284 

64| 

8 

Octagon 

45 

135 

67 

9 

Nonugon 

40 

140 

70 

10 

Decagon 

36 

144 

72 

11 

1 1'iidecagon 

I f 

HVi 

73* 

12 

Dodecagon 

1 

30 

150 

i5 

I 


PltOHUM XXII I. 

In a given circle to inscribe any regular polygon ; or to 
divide the circumference into any number of equal parts . 

( See the last figure. ) 

At the centre o make tin angle equal to the angle at the cen- 
tre of the polygon, ns contained in the third column of the above 
table of polygons: then the distance A 15 will be one aide of the 
polygon, which being carried round the circumference the pro- 
per number of times, will complete the ligure. Or, the arc A B 
will be one of the equal parts of the circumference. 


Problem XXIV. 

About a given circle to circumscribe any regular polygon . 

Find the joints m, »#, />, Ac., as in the 
last problem : to which draw radii m o 9 
n o f Ac., to the centre of the circle ; then 
through these points m, n, Ac., and per- 
pendicular to these radii, draw the sides 
of the polygon. 

„ EXAMPLE. 

Let the radius of the given circle be 5 feet ; then, having 
described a regular pentagon round it, the side of the figure 
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will be found = 7 feet 3£ inches. If the figure to be described 
round the same circle be a regular hexagon, its side will be 
found = 5 feet 9£ inches : and so on for any other regular 
polygons. 

Problem XXV. 



Bisect any two sides with the per- 
pendiculars m o y n o , and their intersec- 
tion will be the centre: then with the 
centre o, and the distance o m, describe 
the inscribed circle ; or with the di, stance 
to one of the angles, as A, describe the 
circumscribing circle. 


the centre of it* in- 



Proiilkm XXVI. 

In any given triangle to inscribe a circle . 

Bisect any two of the angles with 
the lines An, Bo; and a will Ik; the 
centre of the circle: then with the 
centre o, and radiu> the nearest dis- 
tance to any one of the sides, describe 
the circle. 



EXAMPLE. 

Let the sides of the given triangle be 5, 4, and 3 feet ; then, 
having inscribed a circle therein, its rudius will be found =. 
1 foot. 

Problem XXVII. 


About a given triangle to circumscribe a circle. 

Bisect any two of the sides A B, B (\ 
with the perpendiculars m o, n o ; with 
the centre o, and distance to any one of 
the angles, describe, the circle. 

EXAMPLE. 

Let the sides of the given triangle l>c 
15, 14, and 13 feet; then having de- 
scribed a circle about it, the rudius will 
be found = 8 feet 1 } inches. 

Problem XXVIII. 



/*, or about, a given square , to describe a circle . 

Draw the two diagonals of the square, and their inter- 
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section o will be the centre of both the 
circles: then with that centre, and the 
nearest distance to one side, describe the 
inner circle, and with the distance to one 
angle, describe the outer circle. 

EXAMPLE. 

liCt the side of the given square be 3 feet: then, having 
described circles in and about it, the radius of the former will 
lie found = 1 J feet, and that of the latter = 2 feet 1$ inches 
nearly. 

Prom. km XXIX. 

7a, or about , a given circle , to describe a square, or an octagon . 

Draw two diameters A 15, C I), perpen- 
dicular to each other ; then connect their 
extremities, and that will give the inscribed 
square A C I) 15. Also through their ex- 
tremities draw tangents purallcl to them, and 
they will form the outer square m nop . 

NoTr. If any quadrant, w A C, Ik* bisected in 7, it will give one-eighth of 
the circumference, or the aide of the octagon. 




PllOltLEM XXX. 

7/i a given circle , to inscribe a trigon, a hexagon, or a dodecagon. 

A The radius of the circle is the side 

of the hexagon ; therefore from any 
point A in the circumference, with 
the distance of the radius, describe the 
are 15 O F : then is A 15 the side of 
the hexagon ; and therefore carrying 
it six times round will form the hex- 
agon, or will divide the circumference 
into six equal parts, each containing 
60 degrees. — The second of these, C, 
will give A C the side of the trigon, or equilateral triangle ACE, 
and the arc A Cone third of the circumference, or 120 degrees. 
— Also the half of A B, or A # 1 , is one-twelfth of the circum- 
ference, or 30 degrees, which gives the side of the dodecagon. 

Kom If tangents to the circle be drawn through all the angular points of 
any inscribed figure, they will form the tides of a Ike circumscribing figure. 



EXAMPLE. 

In a circle, the radius of which is 10 feet, inscribe a trigon, a 
hexagon, and a dodecagon.— Having measured a side of the se- 
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reral figures, that of the trigon will be found = 17 feet 4 inches, 
that of the hexagon 10 feet, and that of the dodecagon 5 feet 
2 inches. 

Problem XXXI. 

In a given circle to inscribe a pentagon, or a decagon . 

Draw the two diameters A P, m n 
perpendicular to each other, and bisect 
the radius on at g: with the centre q 
and the distance q A, describe the arc 
A r ; and with the centre A, and 
radius A r, describe the arc r B : then 
is A B one fifth of the circumference ; 
and A B carried five times over will 
form the pentagon. Also the are A B 
bisected in s, will give A s the tenth 
part of the circumference, or the side 
of the decagon. 

Not*. Tangents being drawn through the angular point*, will form th« 
circumscribing pentagon or decagon. 

EXAMPLE. 

In a circle, the radius of which is 10 feet, inscribe a pentagon 
and decagon. — Having measured a side of each of the figures, 
that of the pentagon will be found = 11 feet 9 inches, and that 
of the decagon = 6 feet 2 inches. 

Problem XXXII. 

To make a triangle similar to a given triangle ABC. 

Make a B equal to the base of the required 
triangle ; through a draw a c parallel to A C : 
then a B c is the triangle required. 

EXAMPLE. 

Let A B = 12, A C = 15 and B C = 9 
feet ; and the side a B of the required tri- 
angle = 8 feet. — Then having drawn ac 
parallel to AC, the side a c will be found = 10, and B c = 6 feet. 



A 



Problem XXXIII. 


To make a figure similar to ang 
other given figure ABODE. 

From any angle A draw di- 
agonal* to the other angles ; take 
A b a side of the figure required ; 
then draw b c parallel to B C, and 
c d to C D, and d e to D E, Ac. 


d 



c 


A 


t B t 
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Problem XXXIV. 

To make a square equal to two given 
squares P and Q. 

Set two sides A B, B C, of the 
given squares, perpendicular to each 
other : join their extremities A C ; so 
shall the square R, constructed on 
A C, be equal to the two P and Q 
taken together. (Euc. I., 47.) 

Problem XXXV. 

To make a square equal to the difference between two given 
squares, P, R. 

(See the last figure.) 

On the side A C of the greater square, as a diameter, describe > 
a semicircle ; in which apply A B the side of the less square ; 
join B C, and it will be the side of a square equal to the 
difference between the two P and R, as required. 

Problem XXXVI. 

To make a square equal to the sum of any number of squares 
taken together. 

Draw tw*o indefinite lines A wi, A «, perpendicular to each 
other at the jioint A. On the one of these set off A B the side 
of one of the given squares, and on the other 
A C the side of another of them ; join B C, 
and it will be the side of a square equal to the 
tw'o together. Then take A D equal to B C, 
*jc and A E equal to the side of the third given 
square. So shall D E In* tin; side of a square 
equal to the sum of the three given squares. — 
m D B And so on continually, always setting more sides 

of the given squares on the line A «, and the sides of the suc- 
cessive sums on the other line A m. 

Problem XXXVTI. 

To construct a figure resembling an ellipse , by circular arcs 
from four centres. 

On a line F f of convenient length, describe two equilateral 
triangles F P f F p f ; prolong the sides of the triangles ; 
join P a as shown in the figure. With centres P, p and 
radius PHrpi, describe the arcs H I, A i, meeting the 
prolonged sides of the triangles, and such that the diameter C D 




PRACTICAL GEOMETRY. 


15 


may be equal to the required 
width of the figure ; with 
centres, F,/ gnd radius H F 
= I f — Ac., describe the 
arcs II A A, IBt, and the 
figure will be completed. 

Note. If the longer diameter 
AB be not obtained of the re- 
quired length by the atove opera- 
tion, the triangles F P f, F p f 
may be enlarged or diminished, 
or made isosceles, till by trials the 
proper dimensions are obtained. — This method of drawing the ellipse is practised 
by the picture-frame makers. 



Problem XXXVIII. 

To describe a true ellipse . 

Let TU be the trans- 
verse, C O the conjugate, 
and r the centre. With 
the radius T c and centre 
C, describe an are cut- 
ting T It in the points F, 

/ ; which are called the 
two foci of the ellipse. 

Assume any point P in 
the transverse ; then with 
the radii P T, P It, and centres F, f describe two arcs 
intersecting in I; which will lie a point in the curve of the 
ellipse. 

And thus, by assuming a number of points P in the trans- 
verse, there will In* found as many points in the curve as you 
please. Then, with a steady hand, draw the curve through all 
these points. 

OTHERWISE, — WITH A THREAD. 

Take a thread of the length of the transverse, T It, and fasten 
its ends with two pins in the foci F Then stretch the thread, 
and it will reach to I in the curve : and by moving a pencil 
round, within the thread, keeping it always stretched, it will 
trace out the ellipse. 

Problem XXXIX. 

To describe or construct a parabola . 

V P being an absciss, and P Q its given ordinate ; bisect 
P Q in A, join A V, and draw A B perpendicular to it ; 
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then transfer P B to V F and V C 
in the axis produced. So shall 
F be what is called the focus. 

Draw several double ordinates 
S It S &c., perpendicular to V P. 
Then with the radii C It, &c. and 
the centre F, describe arcs cut- 
ting the corresponding ordinates 
in the points S, be. Then draw 
the curve through all the points 
S, be. 


Problem XL. 

To construct or describe an hyperbola. 

Let 1) be the centre of the 
hyperbola, or the middle of 
the transverse A B ; and B C 
perpendicular to A B, and 
equal to half the conjugate. 

With centre 1), and radius 
1) C, describe an arc, meet- 
ing A B produced in F and /, 
which are the two focus points 
of the hyjHjrboln. 

Then assuming several points E in the transverse produced, 
with the radii A E, B E, and the centres /; F, describe arcs 
intersecting in the several points G ; through all which points 
draw the hyperbolic curve. 



GEOMETRICAL THEOREMS. 

(Necessary to be known by beginners). 

Theorem I. 

B Angles t'ertically opposite are equal : — 
thus the angle A G E zr angle II G B, 
D and E G B = A G H. (Euc. 1. 15.) 

v Theorem II. 

( See last figure.) 

A right tin* E F, cutting two parallel right tines AB, CD, 
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Theorem III. 

The greatest side of every triangle is opposite the greatest 
angle (Euc. I. 18.) 

Theorem IV. 


Let the side A B of the triangle ABC 
he produced to D, the exterior angle C B 1) 
is equal to the interior angles at A and C; 
also the three interior angles of the triangle 
are equal to two right angles. (Euc. I. 32.) 
Whence any two angles of a triangle being given the third 
becomes known. 

Theorem V. 



( See figure to Definition 1 1.) 

Let A B C be a right angled triangle, having a right angle 
at B ; then, tlte square on the side A C is equal to the sum of 
the square on the sides A B, B C. (Euc. I. 47.) Whence any 
two sides of a right angled triangle being given the third 
becomes knoipn. 

Theorem VI. 



In any triangle ABC, let I)E be 
drawn parallel to one of its sides, CB; 
then, A B is to A E as B C is to I)E; 
and the triangles are said to be 
similar. (Euc. VI. 2.) 


Theorem VII. 

( See last figure.) 

Let ABC, A E D be similar triangles ; then, the triangle 
ABC is to the triangle A E D as the stjuare A B is to the 
square of AE: that is, similar triangles are to one another in 
the duplicate ratio of their homologous sides. (Euc. VI. 19.) 


Theorem VIII. 

All similar figures are to one another as the squares of their 
homologous, or like, sides. (Euc. III. 20.) 


Theorem IX. 

All similar solids are to one another as the cubes of their like 
linear dimensions. ( Euc . VI. 24. ) 
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EXPLANATION OF THE PRINCIPAL MATHEMATICAL CHARACTERS 
USED IN THIS WORK. 


The sign for equality = is read “ equal ;* thus 12 inches = 
1 foot 

The sign for addition 4* is read “plus or more thus 2-4-3 
= 5, a -f by he. 

The sign for subtraction — is read “ minus or less;* thus 
5 — 2 = 3, a b, he. 

The sign for multiplication x is read “ into thus 5x3 
s 15, a x 5, or a b , he. 

The sign for division -r is read “ by thus 15 -r 3 *= 5, or 


The signs for proportion, as : s : : “ as, is to, so is, to;* 
thus as 2 : 5 : : 8 : 20, or as a : b : : c : d, the fourth 
number being found by multiplying the second by the third, 

and dividing the first, as - = 20, and = d. 


The signs ( ) or -J j or » is called uinculam or brace ; 

thus (5 + 4) x 2 = 9 x 2 = 18, or 5 + 4I 2 = 18, (a + b) 
x e, or a + *1 e, Ktc. 

The signs *, •, he., placed above a quantity, represent re- 
spectively the square, cube, &c., of that quantity ; thus 5* = 

5 x 5 = 25, 5* = 125, 3 4- 4 1 » = 7* = 49, 4 (5 4- 3)* = 
4 x 8* = 256 ; and a 9 , and a 9 represent the square and cube 
of a, also (a + b) 9 c* signifies that the square of the sum of a 
and b is to be multiplied by the cube of r, he. 

The sign s/ or s/ placed before a quantity, or \ placed above 
it, represents the squar e root of that quantity; thus >/36 = 6, 
y/9 x 16 = 12, and s/a x b or s/a b signifies the square root 
of the product of a and 5, he. 


The sign s/ placed before a quantity, or \ placed above it, 
denotes the cube root of that quantity; thus 

*/~12 x 2x 3 — 8, or J(l2 x 2x 3 — 3) = s/72 — 8 = 

$ 64 = 4, s/e { (a + b) 9 — t d } denotes the cube root of the 
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difference of the square of the snm of a and b and the product 
of c and d multiplied into e. Also, the value of 

s 

+ b) % — c e/J, when a = 2, b = 7, e = 5, i/ = 9, and 
e = 6 is V 6 "J (2 + 7)* - 5 x 9| = 45) = 

J(> x 36 = ^216 = 6. 


PART II. 

MENSURATION OF LINES. 

The Mensuration of Lines is applied to find the lengths of 
straight or curved lines, from the given lengths of other lines, 
on which these straight or curved lines depend. 

TABLE OF LINEAL MEASURE. 


Inches. 

Feet. 




12 

1 

Yank 



36 

3 

1 

Poles. 


198 

16i 

5 } 

1 

Furlonga 

7920 

660 

220 

40 

1 

63360 

5280 

1760 

320 

8 


7J} =r 7*92 inches = 1 link. 

22 yards = 4 poles = 1 chain of 100 links. 

69| English miles = 60 geographical miles = 1 degree. 

Problem I. 

7b find one tide of a right angled triangle , having the other 
two tides given . 

The square of the hypothenuse is equal to both the squares of 
the two legs. (Euc. 1. 47.) Therefore, 

Rule I. — To find the hypothenuse ; add the squares of the 
two legs together, and extract the square root of the sum. 

Rule II. — To find one leg ; subtract the square of the other 
leg from the square of the hypothenuse, and extract the square 
root of the difference. 
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Let A B C be a triangle, right angled at 
B ; then by Theorem V. page 17, we shall 
have the foUowing 

Formula. 

Put the base A B = 6, the perpendicular 
B C = p, and the hypothenuse A C = h ; 
then 


h = s/b* + p\ b = ^/z* — p\ and p = </h* — p*. 

EXAMPLE. 

1. Required the hypothenuse of a right angled triangle, the 
base of which is 40 and the perpendicular 30 feet. 

By Rule I. By first Formula. 

40 30 JW + 30* = 50 = A C. 

40 30 


1600 900 

900 

2600 (50 = hypothenuse A C. 


00 

Norn. The student ought to solve this and all the following examples by 
geometrical construction, as in Problems XI. and XII. — Thus : make A li as 40 
toft; draw B C = 30 feet perpendicular to A It, and join A C ; then A C, being 
measured, will be found to be 50 feet. 

The construction of example 2, will be as follows. Make A It as 56 feet, and 
perpendicular thereto draw It C indefinitely ; take A C = 65 in the compasses, 
and with one foot on A apply the other foot to C ; then It C, being measured 
will be /bund to be 33 feet. 

JUmark. The triangle ARC, being for the purpose of illustrating the Problem 
generally, is not drawn to correspond to any of the dimensions given iu the examples. 

2. What is the periKindioular of a right angled triangle, whose 
base A B is 56, and the hypothenuse A C 65 feet ? 


56 

65 

56 

65 

~336 

"325 

280 

390 

3136 

4225 


3136 


1089 (33 feet s perpendicular B C. 
9 


63)189 

189 



6. A ladder of 50 feet long being placed in a street, reached 

a window 28 feet from the ground on one side ; and by turning 
the ladder over, without removing the foot out of its place, it 
touched a moulding 36 feet high on the other side : required 
the breadth of tin* street. Ans. 76*1 233335 feet, 

7. The width of a house is 48 feet, and the height of ridge above 
the side walls 10 lect ; required the length of one of the rafters. 

In the annexed figure A B is 
the width of the house, or length 
of the tie- beam of the rafters A C, 
11 C ; and C D the height of the 
ridge or length of the king-post ; 
and since 1) is the middle point of 
A II, we shall have ADr^AB 
= 24 feet. Whence by the first lormula ; 

A C = v/A lT*"+T l) 2 = vT24» + 10* = y/676 = 26 feet, 

the required length of one of the rafters. 

8. Required the height of an equilateral triangle, the side of 

which is 10 feet. Am i. H ft. « in. neurit/. 

9. The hast* of an isosceles triangle is 25 feet, and its two sides 
are each 32 J feet ; required the perpendicular. 

Ann. 30 feet. 

10. The diagonal of a square is 10 yards, required the length 

of one of its sides. Ant, 7 yd*. 0 jt. in. 

11. A ladder, standing upright against a wall 100 feet high, 

was pulled out at the foot 10 feet from the wall ; how far did 
the top of the ladder fall ? Ant, 6 inches nearly, 

12. Hie upright axle of the horse- wheel of a thrashing 

machine is placed with its centre 3£ yards from a wall ; but 
the shafts of the axle are 5 yards in length, measured from the 
centre : how much of the wall must be removed to admit it Id 
revolve ? Aat, 7 yd*. Oft . 5 m . 
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Problem H 

Having given any two of the dimensions of the figure ABC, 
and one of the corresponding dimensions of a similar figure a b c, to 
find the other corresponding dimension of the last figure. 

C 

Rule. — Let ABC, 
a b c l>e two similar 
triangles, then by 
Theorem VI., page 
17. 


A B : B C : : a b : a c, or a b : a c : : A B : B C. 

The same proportion holds with respect to the similar lineal 
parts of any other similar figures, whether plane or solid. 

KXAMI'LES. 

l/'Tlie shadow of a cane 4 feet long, set perpendicularly, is 
6 feet, at the same time that the shadow of a lofty tree was 
found to be 83 feet ; required the height of the tree, both 
shadows being on level ground. 

Let b c be the cane, and B C the tree, their shadows l>eing 
respectively represcmUsl by a b and A B : the upper extremities 
of the cane and tree being joined with the extremities of their 
shadows, giving the pnmllel lines or, A ( ’ for the directions of the 
sun’s rays, and thus constituting similar triangles a b c, ABC: 
whence a b : h c : : A B : B C, 

that is 5 : 4 : : 83 : 66| 

4 

5)332 

6(5} feet zr B C, the height of the tree. 

2. The side of a square is 5 feet, and its diagonal 7*071 feet, 
what will be the side of a square, the diagonal of which is 4 feet. 

Ans. 2 ft. 10 m. nearly. 

8. In the ground plan of a building 120 feet long and 50 
broad, the length, as laid down, is 10 inches ; what must be its 
breadth ? Ans. 4| inches. 

4. The scale of the Ordnance survey of Ireland is 6 chains to 
an inch, or 1 mile to 13^ inches, what length of paper will be 
sufficient for the map of that country, its length being 300 miles. 

Ans. 1 1 1 J yards. 
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5 . The lengh of the shadow of the Monument (London) is 
151^ feet, while the shadow of a post, 4 feet high, is 3 feet ; 
required the height of the Monument. Am, 202 feet. 

Problem IIL 

The two sides and the base of a triangle (A B C) are given to 
find the perpendicular (C D). 

Rule. — The segments of the base A D, D C must be first 
found. Let B C be the greater of the two sides, then B D will 

be the greater of the two seg- 
ments. Then, as the base A B is to 
the sum of the sides B C + C A, 
so is the difference of the sides 
B C — C A to the difference of the 
segments of the base B D — DA. 

A U B Half this difference, being added 

to and subtracted from half the 
base A B, will give respectively the* segments B 1), D A ; though 
only one of the segments is required to Ik* found. Now, either of 
the sides mid its adjacent segments constitute a right angled tri- 
angle whence the iterpcndicular C D may be found by Rule II., 
Prob. I. 

Formula;. 

Put A B = <j, B C = b and C A = r ; then from the pro- 
jiortion in the Rule 

B D — DA = ^ — ; whence 

a 

11 D = J r ) > ant * 

D A = J (a _). 

EXAMPLES. 

1 . The three sides of a triangle are 42, 40 and 26 feet 5 re- 
quired the perpendicular on the longest side. 

By the Rule 

AB : BC 4 -C A : : BC — CA :B D — DA, that is, 

42 : 66 : : 14 22, and 

i (42 — 22) = 10 feet = A D 

Or by the last Formula 

D A = * (42 -~ 26 ’ ) = 10 feet, 

andCD = VAC*— DA* = V26» — 10* = 24 feet 
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2. The base of a triangle is 30, and the two sides 25 and 35 ; 

required the perpendicular. A ns . 24 ft. 6 in. nearly . 

3. A house 21 feet in width, has a roof with unequal slopes, 
the lengths of which, from the eaves to the ridge, are 20 and 
13 feet ; required the height of the ridge above the caves. 

A ns. 12 feet. 

Nora. All the preceding examples inny be readily solved by construction, by 
first laying down the triangles, as in I'rob. VI., Practical Geometry, and then 
lotting fall the perjwudicular, os in l’rob. V. 

1*1(0 1II.EM IV. 

The side A 11 of a regular polygon being given to find the radii 
0 C and O A of its inscribed and circumscribed circles. 

Hulk, — M ultiply the side of the polygon by the number 
opposite its name in the following Table, in the column headed 
“Had. Inscribed Circle,’' or in that headed “Rad. Circumsc. 
Circle,” accordingly as the one or the other radius may be re- 
quired. 

Fomin..*:. 

Let r and R Ik? the radii of the in- 
scribed and circumscribed circles respec- 
tively, q and p their respective tabular 
radii, and / = side of the polygon ; 
then r = / <y, and R ss / p ; also 
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EXAMPLES. 

1. The side of a regular pentagon is 5 feet 1 inch, what are 
the radii of its circumscribed and inscribed circles ? 

Ant. 4 ft. 3*7 in., and nearly 3 ft. 6 in. 

2. The side of an octagonal grass plot is 203£ yards, and four 
walks are made therein, joining the middle of each of the op- 
posite sides ; required the united length of the four walks. 

Ant. 1998 yardt. 

3. A circular grass-plot of 50 yards diameter is to be com- 
passed by a regular octagonal iron paling, and the eight spaces, 
between the grass plot and the paling, to be planted with 
shrubs ; required the whole length of the paling, and the greatest 
width of each of the eight spaces. 

Problem. V. 

To find the diameter and circumference of a circle , the one 
from the other. 

Rule I. — As 7 is to 22, so is the diameter to the circum- 
ference. 

As 22 is to 7, so is the circumference to the diameter. 

Rile II. — As 1 is to 3*1416, so is the diameter to the cir- 
cumference. 

As 3*1416 is to 1, bo is the circumference to the diameter. 
formula:. 

Let d zz. diameter, c = cicumference, and * as 3*1416 ;* then 

c =r d *, and d = — , • 

w 

EXAMPLES. 

1. To find the circumference of a circle, whose diameter is 10. 

II v Rule 1. 

7 : 22': : 10 : 31$ 

10 


7 ) 220 
31* 

or 31*42857 Ant. 

• The true circumference of m circle, the diameter of which in unity, i* 
3*14159265358979, Ac Tbia number haa been determined by Marhin to 100 
pineal of decimal* by other* to ttiU more, and finally by Dr. Rutherford to 208 
placet; but theee reaultt are more corinoa than uaeful, aince the first four or five 
dedaaSe an quite aulBdant for all practical purpoeea. 



2 
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By Rule 1L or first Formula c = d » = 31*416, which is 
nearer the truth. 

2. To find the diameter when the circumference is 50 feet. 

By Rule I. 

22 : 7 : : 50 : 1 * ~Jl~ 15 tf = 15-9090 Ant. 

By Rule IL or second Formula d = ~ = 15*9156 feet 

3. If the diameter of the earth be 7958 miles, as it is very 

nearly, what is the circumference, supposing it to be exactly 
round ? Ans. 25000*8528 miles. 

4. To find the diameter of the globe of the earth, supposing 
its circumference to be 25000 miles. Ans. 7257 J nearly. 

5. Required the diameter of a coach wheel, that turns round 

500 times in travelling a mile. Ans. 3 ft. 5*05 in. 

6. The driving wheel of a locomotive engine is 6 feet in 

diameter, how often does it turn in a second, wdien travelling at 
the rate of 60 miles in an hour ? Ans. times nearly. 

Problem VI. 

The chord (B E) and the height or versed sine ( C I)) of an 
arc (BCE ) of a circle being given , to find the diameter (A C) 
and the chord of half the arc (B C ). 

Rule. — D ivide the square of half the chord B E, by the 
height C D ; to the quotient add C 1), and the sum will be the 
diameter A (*; half of which is the radius B O or C O. 

The chord B C of half the arc is found by Prob. 1. 

FORMULA. 

Put C = £ chord of the whole arc = 

i B E ss B D, c = chord of J the an* ss 
C, r =s height or versed sine = CD, 
and d = diameter A C ; then 

d = 7-+ *-(!),<•= VC* + r* (2). 

Also</= 

v ' *■ a ' '' ” v ' 

EXAMPLE. 

The chord of an arc is 48 feet, and its height 18 ; required 
the diameter of the circle of w*hich the arc is a part. 




MENSURATION OF MNE8. 


27 


By the Rule- 24 = \ B E = B D 

24 

C D = 18)576 

18 = CD 
50 feet = AC. 

whence the radius B 0 = 25 feet. 

2. The span (chord) of the iron arch of Sunderland bridge 
is 240 feet, and the rise (height) of the crown of the arch 
34 feet : with what radius was the arch drawn ? 

By Formula ( 1 ) 

ion* 

Hie diameter = + 34 s 440*41 feet, 

whence the required radius = 440*41 t 2 = 220*205 =r 220 
feet 2\ inches. 

3. On a parliamentary map of 4 chains to un inch, the* chord of 
a railway curve measured 40 inches, und its height 5 inches, re- 
quired the radius of the curve both on the map and on the ground. 

20 * 

The diameter = + 5 = 85 inches, whence 

o 

the radius = 85 *r2 = 42 J inches on the map. 

And, since the scale of the mup is 4 chains to an inch, we 
shall have 42 J x 4 =. 170 chains = 2J miles, the radius of the 
curve on the ground. 

4. The chord of the whole arc is 48 feet, and its height 7, 
required the chon! of half the arc. 

By Formula; (2). 

r sas y/C* -h p 1 s= 4* 72 = 25 fi»ct, the required chord. 

5. The chord of half the arc of a bridge is 24 feet and the 
rise of the crown of the arch 10 feet, required the radius of the 
circle of which the arch is a part. 

An*. By formula (3) the diameter is found = 36 feet, whence 
the required radius is 18 feet. 

6. A circular grass plot of 100 yards diameter is cut by a walk 

through the centre, this walk is cut at right angles by another 
walk through the middle of the radius ; required the length of 
the last named walk. _ 

By transposing formula (1) Cs= jv (d— r)=r > /2h( 100 — 25) 
= 43*3 yards the double of which is the length of the walk.— ■ 
The same result may be obtained from the right angled 
triangle B D O. 
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7. The rise of the circular arch of a bridge is 12 feet and the 
radios of the whole circle is 100 feet ; required the distance 
from the spring of the arch to the crown, viz., the chord of 
half the arch. Ans. 49 feet nearly . 

Problem VII. 

7b find the length of any are of a circle . 

Case I. — When the degrees in the arc and the radius are given. 

Rule I. — As 180° is to the number of degrees in the arc, so 
is 3*1416 times the radius to its length. ' 

Rule II.— From 8 times the chord of half the arc subtract 
the chord of the whole arc, and take ^ of the remainder for the 
length of the arc nearly. 


FOUMULiE. ( See last figure). 

Put r=r radius B 0, A — 180°, * = degrees in the arc B E, 
and * = 3*1416, and l = length of the arc ; then 



uud r = 


la 

5 * 


EXAMPLES. 

1. To find the length of an arc of 30 degrees, the radius 
being 9 feet. 

By Rule I. 3*1416 

9 


180 : 30 : : 28*2744 : 4*7124 feet. 

By first Formula l = 6 = 3 -- 3 . -i- 6 = 4-7124 

180 Jt 

2. The length of the arc of a circle of 30 degrees is 9 feet 
3 inches, required its radius. 

Ans. By the second formula, 13 feet nearly. 

3. The chord B E of the whole arc being 4*65374 feet, and 
the chord B C of the half arc 2*34947 ; required the length of 
the arc. 

By Rule II. 2*34947 

8 


18*79576 

4*65874 


3)14*13702 
Ans. 4*71234 feet 
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3. Required the length of an are of 12 degrees 10 minutes, 
or 12} degrees, the radius being 10 feet 

By Rule L, 2*1234 feet. Am. 

4. Required the length of the iron arch, in example 2, 
Prob. IV. 

First the chord of } the arch, or distance from spring to 
crown, by Formula 2, Prob. IV., will be found 124*724 feet. 
Whence, by Rule IL of this Problem, we shall have the re- 
quired length of the arch = 252 feet 7 inches. 

5. Find the length of one of the arcs of the six equal seg- 

ments of an iron girder, the whole span of the arch being 120 
feet and the radius 180. Arts. 20 feet 4*67 inch**. 

Rule II. is not sufficiently accurate for finding the length of 
the arc, when it is greater that } of the circumference of the 
circle : in such cases, (sec figure to Prob. IV.) the chord of J 
of the arc BCE =r chord of } the arc B C ( not shewn in the 
figure) must be found by the formula. 

Chord of } of arc B C E = ^ } d (d — y/d * — c* ). 

in which d and c are the same as in Prob. IV.; after which 
Rule IL may be applied with sufficient accuracy to find the 
length of the } arc B C, which, being doubled, will give the 
whole length BCE. 

6. Required the length of a circular iron girder, the spun 

(BE) of which is 48 feet, and the rise (CD) at the crown 
18 feet. • 

By Formula? 1 and 2, Problem IV., d = A C is found z= 50 
feet, and c = B C = 30 ; whence, by the formul a just giv en, 
the chord of } of arc B C E = >/25 ( 50— ) — 

15*81 13, and by Rule II., (15-81 13x8 — 30) t 3 = 32*1635 
feet = arc B C, the double of which is 64*3270 feet = the re- 
quired length of the arch BCE. But by using Rule II., 
without the above formula, the length of the arch is found to 
be 64 feet, or nearly 4 inches short of its more accurate length, 
as previously found. 

Von. Tbe true method of finding the length of an arc of a circle is to find 
the natural tine of the angle BOD (figure to Prob. V.) and id corresponding 
nuaber of degrees, minutm, Ac, which, being doubled, give the angular man* 
■mof the whole arc B C E ; whence the length of the arc mar be accurately 
^ j* B°t fiwt part of this operation is tbe province of Trigo- 
■omstry; moreover, sufficient accuracy for all practical purpoeea may be ob- 
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tained to Bale II* fox arcs less than a quadrant; and like accuracy may be 
secured by means at the formula used in Example 6, in cases where the arc 
approaches near to a semicircle. 

Remark . — When the arc is greater than a semicircle, the remaining part of 
the circumference must be found by Role 11* with the help of the formula used 
in Example 6, if necessary. This remark does not apply to cases where the 
degrees of the arc are given, which are solved by Rule I. 


Problem VIII. 


To find the diameter of a circular zone, its two parallel 
chords A B, CD, and its breadth £ F, being given . 



This and the following Problems 
may be omitted by the student, as not 
being much required in practice . 

FORMULAE. 

I vet C and c be the half chords 
C F and A E respectively, b the 
breadth E F, and d the diameter 
K L a* twice radius O B ; then 


d= v{*- + *(C. + r-)+(C!^y].. 


Almj A C = B D = </(b' + C — c*), and 


0HsH-i^{(C + «) , + ( c -^)'} 


EXAM1M.ES. 

1. The parallel si^es of a circular zone are 6 and 8 feet, and 
its breadth 7 feet ; required the diameter of the circle. 

By the first Formula; the diameter 

d = v'l?* + »(** + s») + ( — ~- 3 * )*j- = ^WJfta'dr 1 = 10 ft. 

2. Find the chord B D and the height G II of the zone in 
the preceding Example. 

Here, the diameter d is first found, as above ; then by the 
second and third Formulas 

liDsss n/( 7*+ 4— S*)as s/49 + 1 = 7*07 feet, and 

GH - i 10- » V-|(4 + 3 / + } — 5-* ViTFi 

3. The parallel chords of a zone are the same as in the Ex* 
ample 1., and its breadth 1 foot ; required the diameter. 

14 feet. 
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Non. In this example the two chorda are both on the aaaa aide of the 
centre of the circle. 

4. The two parallel chords of a circular cone arc 16 and 12 
feet, and the diameter of the circle 20 feet; required the breadth 
of the zone. Am. 14 feet. 

Note 1. The breadth of the zone. In thia example, ia found by aquaring and 
transposing the first formula, whence there results a quadratic equation, from 
which the value of b ia found. 

Note 2. When the chord BDasAC, and the height G H have been found, 
the lengths of the equal area A C, B D are found by the Prob. VI. 

Problem IX. 

In an ellipse are given any three of the four following parts 
to find the fourth , viz. the transverse axis T R, the conjugate 
axis C 0, the abscissa H Q, and the ordinate P Q. 

FORMULAS. 

Put a ss semitrans verse = II R, b = semiconjugate = C II, 
x sz. abscissa = II Q, and y = ordinate — PQ; then 



« = - and b = -JL*. 

•Jb'-y' ^/a'—r* T 


Also the focial distance from 
the centre 

IIP = II /= Ja'—b*. 

EXAMPLES. 

1. The transverse axis is 30, the conjugate 20, and the 
abscissa 3 feet. 

By the second formula, 

P Q = y = a/15* — 3* = 9-798 feet. 

2. The transverse T R as 70 feet, the conjugate C 0 ss 50, 
and the ordinate P Q = 20 ; required the abscissa H Q. 

Ans. By the first formula, II Q = 21 feet. 

3. The transverse is 180 inches, the ordinate 16, and the 
abscissa 54 ; required the conjugate. 

Am. By the fourth formula, the conjugate ss 40 inches. 

4. If the conjugate be 50 feet, the ordinate 20, and the 
abscissa 21 5 what is the transverse ? 

Am. By the third formula, the transverse ss 70 feet. 
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5. The transverse TR = 100 yards, and the congngate C 0 
* 60 ; required the distance of the foci F f from the centre H. 

Ans. By the last formula, H F = H/= 40 yards. 

6. The ratio of the major and minor axes of the earth’s 
orbit is as 1 to n, the former being about 190,000,000 miles 
ess 2 a, How much is the earth nearer to the sun in winter than 
in summer ? 

Ant. The distance here required is twice the focial distance 
from the centre of the earth’s elliptical orbit, which, by the last 
formula is found to be 2 a>J\ w *. 

7. Required the distance of the foci of an elliptical section, 
passing through the poles of the earth, the earth’s axes being 
7926 and 7899 miles. 

Ant. 654 miles, or 327 miles each from die earth's centre. 

Problem X. 

The axes of an ellipse are given to find its circumference. 

Rule I. — Multiply the sum of the two axes by 3*1416, and 
the product will give an approximate length of the circum- 
ference, which will be found near enough for most practical 
purposes. 

Rule II. — To half the sum of the two axes add the square 
root of half the sum of their squares, and multiply half the sum 
by 3*1416 for the circumference xery nearly. 

FORMULA? (see last figure). 

Let 2 a and 2 b represent the axes, as in the last problem, 
and * = 3*1416; then, 

Circumf, = » (a + b), or = $ * (a + b 4- y/2 (a* + 6*)). 

EXAMPLES. 

1. The axes of an ellipse are 15 and 10 feet ; required the 
circumference by Rule I. 

Ans. 39 feet 3 inches. 

2. The axes being the same as in the last example; required 
the circumference by Rule II. 

Ans. 39 feet 8 inches nearly. 

3. Find the meridional circumference.of the earth, the axes 
being as given in the last example of Prob. VIIL 

Ans. 24,858 miles nearly. 
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Problem XI. 

In a parabola I V H, the focus of which is F, any two o/* the 
three following parts, viz. the parameter P Q, Me obscissaX G, 
and the ordinate G H being given, to find the third part. 


FORMULAS. 


Put PQ = parameter = />, V G = 
abscissa = x, and C II = ordinate = y ; 
then 


x 



*Sp r, and p 


yj 

X 



F.XAMI’LES. 

1. The parameter P Q of a parabola is 50, and its ordinate 
G II = GO feet, required the abscissa V O. 

Ans. By the first formula jr = G II = Jg* as 72 feet. 

2. The parameter of a parnliola is 10, and its ordinate 4 : 

required the abscissa. Ans. Hi. 

3. The abscissa of a parabola is 4, and its corrt’M|>onding 

ordinate 10; required the parameter. Ans. 25. 


Phoi’.lkm XII. 

To find the length of the are of a paraboUt , its ordinate and 
abscissa being given. ( See last figure.) 


formula:. 

Let jrand t y represent the same parts, as in the last Problem: 
then. The \ arc V II = %/} «r* + y % nearly. 

KXAM1M.KS. 

1. Required the half arc V Q of a parabola, V F being =r 3 

feet, and F Q = 6. 

Ans. V Q = + <>* as li fer t 11 1 inches. 

2. The abscissa is 2, and the ordinate 0; required the length 

of the half arc of the parabola. Ans. 6*4291. 

Kara 1. The parabola is the path of projectiles in canto ; it is also used in 
the astron o mical theory of comets. 

Non 2. The student who wishes for further information concerning this 
carve, as well as concerning the ellipse and hyperbola, may consult the various 
works on conic sections. 
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MENSURATION OP SUPERFICIES OR SURFACES. 

The area of any surface is estimated by the number of 
squares in that surface, without regard to its thickness ; the 
side of those squares being one inch, one foot, one yard, kc. 
Hence the area is said to be so many square inches, or square 
feet, or square yards, &c. 

▲ TABLE OF SQUARE MEASURE. 

Sq. Inches. Sq. Feet. 

144 1 

Sq. Yards. I 

1*296 9 1 


Sq. Poles. 


394104 

2724 

304 

1 

Sq. Rods. 



1*089 

1,210 

40 

1 

Acres. 


43*560 

4,84U 

160 

4 

1 



3,097,600 

102, 4(H) 

2*360 

640 


]*HOBLF.M L 

To find the area of a parallelogram ; whether it be a square, 
a rectangle, a rhombus , or a rhomboid. 

Rule. — Multiply the length by the breadth or perpendicu- 
lar height, and the product will be the area, 

FORMULAS. 

Let / = length of the figure, 
b = its breadth, and A = its 
area {which also represetits the 
anas in all the following /Vo- 
blems) ; then 

A as lb, also / as and b = 
b i 

When the figure is a square, 
then the length is equal to the 
breadth, which put = s =s side 
of the square ; then 

A as i 1 , and * = >/ A. 

EXAMPLES. 

1. The length of a rectangular board is 7 feet, and its breadth 
4 feet ; required its area in square feet. (See first figure.) 

By the Rule. 7 x 4 « 28 square feet, the area required. 

2. The side of a square is 18 inches; required its area in 
square feet (See last figure.) 
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18 

18 


144 


{ 


12 

12 



2^ square feet, the area required. 
3. Find the area of a rhombus, the length of which is 6*2 leot, 
and its perpendicular breadth 5*43. (See second tigurc.) 

.Ins. 33*79 s 83f square feet nearly . 

feet. in. 


4. The length of a table is 7 feet 8 inches, 7 8 

and its breadth 3 foot 10 inches ; required its 3 10 


area. 


23 0 

Here the operation is performed by duo- 6 4 8 

decimals, and the area is found to be 29 square 

feet, 4 inches or !2ths, and 8 parts or A J i ths. 29 4 n 

5. What length must be cut off a rectangular board, the 
breadth of which is 9 inches, to make a square yard ? 

A square yard contains 1296 squ arc inches, whence by the 
second formula. 


1 44 inches ss 12 feet, the length required. 

6. How many square feet of deal will moke a box 6 feet long, 
5 broad, and 2 feet 8 inches deep ? 

Am. 116 st/uare feel 2' 8". 

7. How many square yards are contained in a floor 23 feet 

long 14 J feet wide ? - Ins. 37 t V equtire yards. 

8. The base of the largest Egyptian pyramid is a square, the 

side of which is 693 feet ; required the number of acres it 
occupies. Ans. 11a. Or. 4//. 

9. A square court yard is 42 feet long, and 23 feet 10J inches 
broad ; w hat did it cost paving at 4s. 10*/. per square yard. 

Ans. £26 IN#. H\d. 

10. Required the side of a square, the area of which is 500 
square feet. 

By the fourth formula s = side of the square = s/ A, that is 
s = v/500 = 22*36P7 feet = 22 feet 4} inches nearly. 

1 1. What is the side of a square the area of which is an 

acre Ans. 69*6 yards nearly. 

12. A square in a city contains 6} acres of ground, required 

the tide of the square. Ans. 17392 yards. 
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Tojnd the area qf a triangle, 

&?• *<* 
^IL-When the three sides only are given s add the 
^. :r ^ oti altogether, and take half the stun ; from the half 
side separately ; midtiply the half sum and 
SwBe remainders continually together ; and take the square 
*OOt of the last product for the area of the triangle. 


FORMULAS. 



Let the base A B as 5, and the 
perpendicular CD=pj then 
a 9 A ai_2A 

<> ' P • 

When all the three sides of the 
triangle are given, let them be re- 
presented by a , b and <?, and their 
half sum by s ; then 


A= V«(« — a) (« — b) (« — c). 


EXAMPLES. 

1. Let the base ABzz 42 feet, and the perpendicular CD= 33 
feet ; required the area in square yards. 

By Rule I. 42 x 33 t 2 ss 693, and 693 — 9 = 77 square yards. 

2. To find the number of square yards in a triangle, the sides 
of which are 13, 14 and 15 feet. 


By Rule It 

13 

14 

15 

2)42 

| sum 21 21 21 
13 14 15 

remainders 8 7 6 


21 

6 

126 

7 

882 

8 9 

7056(84 square feet, 

64 — 9 \sq.yds.Ans. 


164)656 

656 



MENSURATION OP SUPERFICIES. 


87 


3. The base of a triangle is 40, and its perpendicular 30 feet 5 
required the area in square yards. Am. 66 } square yards, 

4. Find the area of a triangle, the three sides of which are 

20 , 30 and 40 feet Am, 32*27 square yards, 

5. The base of a triangle is 49 and its height 25} feet, how 
many square yards does it contain ? 

Am, 68*736 square yards, 

6 . The base of a triangle is 18 feet 4 inches, and its height 

11 feet 10 inches ; required the area. Am. 108 feet, 5'. 8 ". 

7. The hypothenuse of a right angled triangle is 102} feet, 
and its base 100 ; required the area in square yards. 

Am, 12 5 square yards, 

8 . The side of an equilateral triangle is 5*1 feet, required the 

area. Am, 1 1 *2626 square feet. 

9. The base of a triangle is 121 yards ; required its perpen- 
dicular, when it contains an acre of land. Am, 80 yards, 

10 . The equal sides of an isosceles triangle are each 50 feet, 
and its base 28 ; how many square yards does it contain ? 

Am, 74} square yards. 

Problem HI. 

To find the area of a trapezoid. 

Add together the two parallel sides ; multiply that sum by 
the perpendicular distance between them, and take half the pro- 
duct for the area. 

EXAMPLES. 

1 . In a trapezoid the parallel lines 
12*25, also the perpendicular distance 
quired the area. 

12*25 
7*5 

19*75 
15*4 


7900 

9875 

1975 


are A B 7*5, and D C 
A P is 15*4 feet ; re- 


A D 



DP C 


2)304*150 

152*075 square feet. Am. 



88 


MEN SUKATION OF •UFEEF1CIES. 


2. How many square feet contains the plank, whose length is 

12 feet 6 inches, the breadth at the greater end 1 foot 8 inches, 
and at the leas end 1 1 inches ? Ant. 13 ft feet. 

3. Required the area of a trapezoid, the parallel sides being 

21 feet 3 inches and 18 feet 6 inches, and the distance between 
them 8 feet 5 inches. Ant. 167 square feet, 3' 4" 6"'. 

Problem IV. 

To find the area of a trapezium. 

Case 1 . — For any trapezium. 

Divide it into two triangles by a diagonal ; then find the areas 
of these triangles, and add them together. 

Or, if two perpendiculars be let fall on the diagonal, from the 
other two op|tf>sitc angles, the sum of these perpendiculars being 
multiplied by the diagonal, half the product will be the area of 
the trapezium. 

Case II. — When two opposite angles are supplements of 
each other. 

Add all the four sides together, and take half the sum ; next 
subtract each side separately from the half sum ; then multiply 
the four remainders continually together, and take the. square 
root of the last product for the area of the trapezium. 

EXAMPLES. 

1. To find the area of the trapezium ABC 1), the diagonal 
A C being 42, the perpendicular BE IN, and the perpendicular 



2. In the trapezium A B C D, the side A B is 15, 1) C 13, 
CD 14, A D 12, and the diagonal A C is 16 : required 
the area. 



AC 16 
AB 16 
B C 13 
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89 


2) 44 

22 22 22 half sum 
16 16 13 

6 7 9 


42 

9 

378 

22 

766 

766 

^8316 = 91*1921 

The triangle ABC 
The triangle ABC 


AC 16 
C D 14 
AD 12 

2)42 

21 21 21 half sum 

16 14 12 

6 7 9 


36 

9 

315 

21 

315 

630 

6615 = 81 *3326 
911921 
81-3326 


The trapezium A B C D 172*6247, An*. 

3. If a traj>ezium have it* opposite angles supplements to 
each other, and have four sides 24, 26, 28, 30 ; required its area. 

By Rule II. the area is 723*989. 

4. How many square yards of paving are in the trapezium, 

the diagonal of which is 65 feet, and the two j/crpendiculars let 
fall on it 28 and 38*5 feet ? Ant. 222^ f yard*. 

5. What is the area of a tr&fiezium, the south side being 

27*40 chains, east side 35*75 chains, north side 37*55 chains, 
west side 41*05 chains, and the diagonal from south-west to 
north-east 48*35 chains ? Ant, 123a. Or. 11.8656//. 

6. What is the area of a trapezium, the diagonal of which is 
108} feet, and the perpendiculars 65} and 60} feet. 

Ant, 705} ttptart ynrdt, 

7. What is the area of a trapezium, the four sides being 
12, 13, 14, 15 ? having its opposite angles supplemental 

Ant. 180*997. 

8. In the four sided field A BCD, on account of obstructions 
in the two sides A B, C D, and in the perpendiculars B F, D E, 
the following measures only could be taken : namely, the two 
sides B C 266 and A D 220 yards, the diagonal A C 378 yards, 
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and the two distances of the perpendiculars from the ends of the 
diagonal, namely A E 100, and C F 70 yards : required the 
area in acres, when 4840 square yards make an acre. 

Ans. 17 a. 2r. 21/?. 

9. When AB = 314, BC = 232, CD= 228*, DA = 266*, 
and the diagonal AC= 417* feet ; required the area in square 
yards. Aru. 8641* square yards. 

Problem V. 

To find the area of an irregular polygon . 

Rule. — Draw diagonals dividing the figure into trapeziums 
and triangles ; then find the areas of all these separately, and 
add them together for the content of the whole figure. 

EXAMPLES. 

1 . To find the content of the insular figure A B C D E F G A, 
U in which are given the follow- 

ing diagonals and perpendicu- 
lars : namely, 

C A C 5*5 

FD 5*2 

GC 4*4 

G m 1*3 

D Bn 1*8 

Go 12 

E p 0*8 

D q 2*3 

1st, 2nd, 3rd, 

For trapez. ABCG. For trapez. GDEF. For triangle GCD. 


1*3 

1*2 

4*4 

1*8 

0*8 

2*3 

3*1 

2*0 

132 

5*5 

3*2 

88 

1*55 

10-4 

10*12 

15*5 

— 

— 

17*05 

double ABCG 


10*40 

double GDEF 


10*12 

double GCD 


2)37*37 

double the whole. 



18*785 Ami . 
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2. Required the area of the figure ABCDEF6, when 
AC = 12,FD= 11,GC = 9|, Grmx=3i > B»=4, G o = 2|, 
E p = Hi and D q = Q feet. 

Problem VI. 

To find the area of a regular polygon . 

Rule L — Multiply the sum of the sides or perimeter of the 
polygon by half the perpendicular from its centre to one of its 
sides, and the product will be the area. 

Rule II. — Multiply the square of the side of the polygon by 
the number opposite its name, in the column headed “ Areas," in 
the Table to Prob. IV., Part II. and the product will be the area. 


FORMULA. 


Let * = AB = side of the polygon, 
p =*C P perpendicular from the centre 
on A B, n = number of sides of the po- 
lygon, and a = its tabular area ; then 
A = | 71 p s, and A = a **. Also 


s 


/A 2 A , 

•J — = — , and p = 
a np 


2 A 
ns 



examples. 

1. Required the area of a regular pentagon, the side A B of 
of which is 25 feet, and the perpendicular CPs 17*205. 


By Rule I. 
17*205 

25 x 5 = 125 = pcrim. 

8(5025 

34410 

17205 


2)2150*625 

1075*3125 sq.feet 


By Rule II. 

1*7205 table area. 
625 = 25* 


86025 

34410 

103230 


1075*3125 sq.feet. Ans. 


2. To find the area of the hexagon, the side of which is 

20 feet. Am. 1039*23 square Jett 

3. To find the area of the trigon, or equilateral train, the side 

of which is 20 feet Ans. 173*205 square feet 

4. Required the area of an octagon, the side of which is 

20 feet. Ans. 1931*37 square feet 
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6. What is the area of a decagon, the side of which is 
20 feet Am. 8077*68 square feeL 

6. Required the side of a decagon, the area of which is 
16 square feet 

By the third formula, the side $= s/~ , that is, 

a 

16 

^ 7*6942 * “ If 00 * 5*3 inches. Am. 

7. The fence of an octagonal inclosure, within a square in a 
city, cost £840 at 4 s. 8 d. per foot ; what will be the cost of the 
gravelling the surface at 10|<f. per square yard ? 

Am. £132 Os. 6 \d. 

8. The corners of a square are cut off so as to form an 

octagon ; required the area of the octagon, the side of the 
square being 200 feet Am. 3681*8 square yards. 


Problem VII. 

To find the area of a circle when the radius , or half diameter , 
is given. 

Rule 1. — Multiply the square of the radius by 3*1416 for 
the area. 


To fintl the area of a circle when the circumference is giveti. 

Rule II. — Multiply the square of the circumference by 
*07958. 



Put the radius AC = r, the circum- 
ference as c, and 3*1416 = » ; then 

X 

A as » r* , and r as ; also 

c* 

A as sb 4 r c, and c = ^4 A », 

4 * 


EXAMPLES. 

1. Required the area of a circle, the radius of which is 
5 feet 

By Rule I., or the first formula. 

3*1416 x 5* a 3*1416 x 25 » 78*54 square feet 

2. The circumference of a circle is 18*4 feet what is its area? 

Am. 26*92 square feet. 

3. ▲ circular pleasure ground is to be laid out to contain 
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ewcUy in acre, required the length of the oord with wbkh the 

circle most be traced. , 

By the second formula, the length of the chord, or 

r = Vgq5X6 = 89 * 7ard8 ’ 7617 Dearly ‘ 

4. How many square yards are in a circle whose diameter is 

3| feet? Am. 1 '069. 

5. How many square feet does a circle contain, the circum- 
ference being 10*9956 yards. Am. 86*19543. 

6. The area of the piston of a steam engine is required to be 
1192 square inches to give it the requisite power'; required the 
interior diameter of the cylinder, and its exterior circumference 
the thickness of the metal being one inch. 

a ( Interior diameter 39 inches nearly, 

* \ Exterior circumference 10 feet 8j inches. 

7. The circumference of the circular paling of a plantation 
was found to be 235-} yards, what is its area. 

A ns. 4400 square yards. 

8. What is the circumference of a circle, the area of which 

is an acre? Am. 246 yards 1 foot 10J inches. 

Problem VIII. 

To find the area of a sector of a circle. 

Rule L— Multiply the radius, or half the diameter, by half 
the arc of the sector, for the area. Or, multiply the diameter 
by the arc of the sector, and take } of the product. 

Nora. The arc may be found by Prob. IJL 

Rule II. — As 360 is to the degrees in the arc of a sector, 
so is the whole area of the circle, to the area of the sector. 

Nora. For a •emidrde take one half, for a quadrant, one quarter, Ac., of the 
whole circle. 

FORMULA. 

a 1 i 2A 

A ss - r x arc, and r = — . 

2 arc 

EXAMPLE. 

I. What is the area of the sector C A D B, the radius being 
10, and the chord A B 16? 
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By Bole L 100 = AC* 

64 = AE* 

36(6 = C E 
T> 10 = C D 

4 = DE 

\|/ S=X 

t 80 ( 8-9442719 = A 1) 


8 

71-5541752 

16 


3 ) .55-3541732 
2 ) 18-5180584 arc A D B 
9-2590297 = half arc 
10 = radius 

92-590297 Ans. 

2. Required the area of a sector, the arc of which contains 
96 degrees, the diameter being 3 feet. 

•7854 as ± * 

9 = 3* 

7 -0686 = area of the whole circle. 

Then by Rule II., 

as 360° : 96° : : 7*0686 

or, as 30° : 8° : : 7-0686 : 1 -88496 square feet. Ans . 

3. What is the area of a sector, the radius of which is 10 

feet, and the arc 20 ? Ans. 1 1£ square yards . 

4. Required the area of a sector, the radius of which is 18 
feet, and the chord of its arc 12? Ans. 1 10^ square feet. 

5. How may square yards are in a sector of 187° 37', the 
radius of the circle being 289 ? Ans. 15194 square yards. 

6. Required the area of a sector, the radius of which is 25 
feet, and its arc contains 147° 29'. 

Ans. 804*4 square feet nearly. 

7. What is the area of a sector, the chord of the arc of which 
is 24 feet, and its height 6? Ans. 206*572 square feet 
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8. Required the area of a sector greater than a semicircle, 
the chord of its arc being 12, and its diameter 15 feet. 

Am. 124-^ square feet . 


Problem IX. 

To find the area of a segment of a circle . 

Rule L— Find the area of a sector having the same arc as 
the segment, by the last problem ; find also the area of the 
triangle, formed by the chord of the segment and the two radii 
of the sector : then add these two together for the area, when 
the arc is greater than a semicircle ; but subtract for the area, 
when the arc is less that a semicircle. 

Rule II. Divide the height or versed sine of the segment by 
the diameter, and find the quotient in the column of versed 
sines, in Table I., at the end of the book. Take out the cor- 
responding area, in the next column on the right hand, and 
multiply by the square of the diameter for the area. 

formula:. 

Put rz: A E, C = A 15, r = C D, 

/) zr E D, t = tabular area, and a = 
arc A C 15 ; then 

A=| (ar—Cp)={2r) % t = lr</C*+|H 

Not* 1. When the ncgment in greater than a 
semicircle, find the area of the remaining segment, 
and subtract from the whole area of the circle for 
the required area. 

No T* 2. The first rule or formula given an 
appoximatc value of the area, not very far from 
the truth; the last formula is still nearer the 
truth; and the second rule or formula may be 
considered as exactly true. 



EXAMPLES. 

1. Required the area of the segment A C 15 DA, its chord 
A H being 12, and the radius A E or C E 10 feet. 

First find C D and A 0 from the properties of the figure, and 
the length of the arc AC 15 by Prob. VII., Part II.; then find 
the area by Rule I.; thus D E as,/ A E 1 — A D* as */ UP — & = 
8, CDssCE — DE ss 10 — 8 =s 2, and AC as*/ AD’+CIPa: 


- 2* s 6-324555 ; 


, 6-324555 x 8 — 

whence 0 


12 


38-59644 as arc A C B, and by Rule L, 4 (38*59644 x 10) — 
{ (12 x 8) as 16*3274 square feet . Ans. 
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By Rule II. The example being the same as before, we 
have C D equal to 2 ; and the diameter 20. 

Then 20 ) 2 ( *1 

And to *1 answers 040875 per Table 1. 

Square of diameter 400 


Ana . 16-3500 square feet 

By the t hird formu la, the sa me exam ple being still used, 
A® §» */C* + i v * ==s i >/ 12 s + i 2* = 16*351 1 square feet, 
which is very near the truth. 

2. What is the area of the segment, the height of which is 2, 
and the chord 20 feet. Ana. 26*36046. 

3 What is the area of the segment, the height of which is 
18, and diameter of the circle 50 feet? Ana. 636*375. 

4. Required the area of the segment, the chord of which is 

16, the diameter being 20 feet. Ana. 44*7292. 

5. What is the area of a segment, the are of which is a 
sextant, the whole circumference of the circle being 25 feet? 

A ns. 1*4312 square feet. 

6. The chord of a segment is 40, and its height H feet ; what 

is its area ? . Ins. 220 square Jeet nearly. 

Puohi.km IX. 

To find the area of a circular zone. 

( See figure to Prob. VIII., Part II.) 

Ki lk. — T he zone being first divided into a trapezoid ( ABCD) 
and two equal segments (BHD and AC), find the area of the 
trapezoid by Prob. III., and the areas of the two segments by 
Prob. IX.; which areas, being added together, will give the 
area of the zone. 

EXAMPLES. 

1. The breadth of a zone is 42 feet, and its parallel chords 
are 48 and 36 feet, required the area. 

jins. 253*08 square yard*. 

2. The two parallel chords of a circular zone are each 100 

yards, and the radius of the circle 72 yards; required the area 
of the zone. Ana. 1 3508| square yards. 

3. The parallel chords of a circular zone are each 2} feet, 
and the radius of the circle 1}; required the area. 

Ana. 6) square feet nearly. 
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Problem X* 

To find the area of a circular ring , or apace included he - 
tween two concentric circlet. 

Take the difference between the two circles, for the ring ; 
or multiply the sum of the radii by their difference, and mul- 
tiply the product by 3*1416 for the answer. 

FORMULAS. 

As« (It* — r*) = (C* — c 9 ); in which R and r are 

the greater and lesser radii, and C and c the greater and lesser 
circumferences. 

EXAMPLES. 

1. The diameters of the two concentric circles being A II 20 
and I)G 12 feet, required the area of the ring contained be- 
tween their circumferences A E B A, and D F G D. 

A C = 10 
D C =r 6 

sum 16 
dif. 4 


64 

2. The diameters of two concentric circles being 20 and 10 

feet ; required the area of the ring between their circum- 
ferences. Ant. 23/5*72 stjuare feet. 

3. What is the area of a ring, the diameters of its bounding 

circles being 6 and 4 feet ? Ana. 1/5*708. 

4. The circular fences on each side a gravel walk, surround- 
ing a shrubbery, arc 8(X) and 7 1 4 feet in length ; what is the 
area of the walk, and what did it cost laying with gravel at 
If. 4}d. per square yard. - j Aren 1 1/51 square yards. 

\ Cost £79 2f. 7\d. 

Problem XI. 

To find the area of a lune A C B D A. 

Rulf. — Find by Prob. VIII. the areas of 
the segments A C B and AD B, formed by 
the chord A B of the two arcs of the lune, 
and the difference of these areas will be the 
area required. 



3*1416 

64 

12 *.5664 
188*406 


201-0624 
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EXAMPLES. 

1. What is the area of lone, the chord AB of which is 24 ft. 
and the heights of its two arcs 5 and 3| ft.? Ans. 25$ sq.ft. 

2. The chord of a lime is 40 feet, and the heights of its arcs 
4 and 20 feet ; required the area. Ans. 57*867 square yards. 

Problem XII. 

To find the area of an ellipse. 

Rule. — Multiply the product of 
3*1416 for the area. 

FORMULA. 

Assait, in which a and b 
are the semiaxes. 

EXAMPLES. 

1. The axes of an elliptical 
shrubbery iu a pork are 300 and 
200 feet; required the area. 

Ans. 5236 square yards , as 

2. Required the area of an ellipse, the axes of which are 70 

And 50 yards. Ans . 2748 square yards 8 feet. 

Problem XIII. 

To find the area of an elliptical segment, the chord of which is 
parallel to one of the axes. {See last figure.) 

Rule. — Divide the height of the segment by that axis of the 
ellipse of which it is n part ; and find in the table of circular 
segments at the end of the book, a circular segment having the 
same versed sine as this quotient. Then multiply continually 
together, this segment, and the two axes, for the area required. 

EXAMPLES. 

1 . What is the area of an elliptic segment m R n, whose height 
R r is 20 ; the tranverse T R being 70, and the conjugate C O 
50 feet ? 

70 ) 20 ( *2854 the tabular versed sine. 

The corresponding segment 

is *185166 
70 

12*961620 

50 


the semiaxes TP, CP by 



R 


O H 

1 acre 396 square yards. 


648*081000 square feet, the area required. 
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2. What is the area of an elliptic segment, cut off parallel to 

the shorter axis, the height being 10, and the axes 25 and 

35 feet ? Ans. 162021 square feet. 

3. What is the area of the elliptic segment, cut off parallel to 

the longer axis, the height being 5, and the axes 25 and 

35 feet ? A ns. 97*8458 square feet. 

Pro in. km XIV. 

To find the area of a parabola . 

Rrt.K. — Multiply the axis or height VK 
by the base or double ordinate 1) F, and * 
of the product will be the area. 

FORMULA. 

A I a d. in which a is the axis, and 
d the double ordinate. 

KXAMI'I.F.m. 

1. Required the urea of the paraUda 
A V C. the axis V B being 2, and the 
double ordinate A C 12 feet. 

J x 12 x 2 “ 16 jspiare ftvt, tin* area required. 

2. The double ordinate of a parabola is 20 feet, and its axis 
or height 18 : required the area of the parabola. 

.ins. 240 square feet. 


V 



I> 1. i 


PlO HU. KM XV. 

To find the area o f a parabolic f rustrum A 0 F L). 

Cube each end of the frtMrum, and subtract tin* onecuU* from 
the other ; then multiply that difference by double the altitude, 
and divide the product by triple the difference of their squares, 
for the area. 


^ * p ~ f * 

A = !<i. . , in which a i* the altitude, and (* and r 

3 ( * — c* 

the parallel chords. 


EXAM1*I.!>. 

1. Required the area of the paralMilic frustruin A (’ F D, Af 
l>eing 6, DF 10, and the altitude B E 4 feet. 


3 
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Ends. 
DF= 10 
ACr 6 


Squares. 

Cubes. 

100 

1000 

36 

216 

64 dif. 

784 

3 

8 = 2 B E 

192 ) 

6272 ( 32J’S = 32J Ans. 
576 


512 

.'tHI 


12S 

2. Wlmt is the nren of the purnbolie frustrum, the two ends of 
which nre <> mill 10, mill its altitude 3 feet. Am. 24 J nfuarefeet. 

Note, Thom* who winli for further information on tin* areas of the* conic 
sections, arr referred tt> the works of l\mrr*»n, Hamilton , Xi\, it being foreign to 
tin- ohjet t of thi* work to give more on thitf subject. 

Puor.i.r.M XVI. 

To find the arms of irregular f igures whether hounded by straight 
tines or curves. 

0 

(’asm I. — Mint the figure is tony and narrow. 

Kri.fi. — Take the perpendicular breadth at several places, at 
e<|iiul distance**; to half the Mini of tin* tir>t and lust two breadths, 
add the sum of all the intermediate breadths, and multiply the 
result by the common distance between the breadths ibr the 
area. 

Cask II. — When the breadths or perpendiculars are taken at 
unequal distances* the figure being long and narrow. 

Kn.fi 1. — Find the arests of all tin* trapezoids and triangle- 
separately, and add them together tor the area. 

Ki t.fi II. — Add all the breadths together, and divide the 
sum by the whole number of them lor the mean breadth, which 
multiply by the length lor the area. — This method is not 
very correct, but may do when* great accuracy is uot required. 

EXAlin.ES. 

1. The perpendicular breadths, or offsets of an irregular 
figure at five equidistant places are A I) as 8*2, m p = 7 ‘4, 
n 7 =s D’2, o r = 10*2, B C = 8*6 feet ; and the common dis- 
runccs A#» = ** = &c. = 50 feet ; required the area. 
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Ant. 1760 0 rjmirr feet. 

2. Tlo* length of an irregular plank is 25 foot, ami its per- 
pendicular breadth at six equidistant plncos aro 17*4, 2(Wi, 14*2, 
Kvo, 20*1, and 24*4 inohos ; required the area. 

A ns . 30 £ square fvrt. 

3. Take the dimensions and 
find the area of the annexed 
irregular figure, by Rule I. and 
II., Case II. 

(’ask III. irhtu the breadth of the Jiyttre is la rye and its 
Itoundary curved or crooked. 

Un.r. — Divide tho figure into trapeziums and triangles, in 
the mu»t convenient manner, taking offsets to the ourvod or 
crooked portion of the ltoundury. Find tin* areas of the trape- 
ziums, triangles and the offset pieces separately, which, being 
added together, w ill give the required area of the w hole figure. 



Tho annexed figure is 
divided into two tra|»e- 

ziums A UFO, I5CEF, 
and one triangle (’ I) K, 
with offset* on A H, A (», 
(’ L>, and D E. It is re- 
quired to measure the se- 
veral parts of the figure, 
and to find its area. 


KX AM 1*1. K. 



The areas of the trape- 
ziums an* found bv letting fall perpendiculars on the, diagonals 
A F, BE by Trob. IV., and the area of the triangle by Prob. 
II., the hmih of the several offset pieces being found by one or 
other of the cases of this Problem. 
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J’KOMlSCrOUS EXERCISES. 

1 . The sides of three squares are 6, fc, and 24 feet ; required 

the side of a square that shall have an area equul to all thb 
three. Am. 26 feet. 

2. In cutting a circle, the largest possible, out of a card- 
board ft feet square, how much will be wasted. 

A ns. ,v36.j square feet. 

3. The area of a square is 72 square feet ; required tho 

length of its diagonal. Am. 1 2 feet. 

4. A ditch 13 yards wide surrounds a circular fortress, the 

circumference of the fortress being 704 yards ; required the 
area of the ditch. Am. 2 acres nearly . 

What is the area of a circular table the diameter of which 
is lift inches. Am. Ifl square feet nearly. 

6. What is the area of an isosceles triangle, the base of 
which is /> feet 10 inches* and each side SJ feet? 

Am. 23 square feet 41 [ indies. 

7. Required the side* of a decagon the area of which is 9 

square feet. .-I jut. 1 Jont 1 inch nearly. 

s. The side of a square is .70 yards, and its corners are cut 
ell so as to form uu octagan ; required the area of the octagon. 

A m. 2071 square yards. 


PART IV. 

MENSURATION OF SOLIDS. 

DEFINITIONS. 

1. A Koi.ii> has three dimensions, length, breadth, and 
thickness. 

2. A prism is a solid, or body, whose ends are any plane 
figures, which are parallel, equal, and similar ; and its sides 
art* parallelograms. 

A prism is called a triangular one when 
its ends are triangles ; n square prism, 
when its ends arc squares ; a pentagonal 
prism, when its ends are pentagons ; and 
so on. 
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3. A cube is a square prism, having 
six sides, which are all squares. It is 
like a die, having its sides j>cr]x. , udioular 
to one another. 

4. A parallelopipedon is a solid having 
six rectangular sides, every opposite pair 
of which arc equal and parallel. 

5. A cylinder is a round prism, having 
circles f»>r its ends. 

Notk. A pmtn i* railed ii right on<‘, when itssidu.* 
art* pt‘r)M»ti’!iculAr t«» it-* rntN; and an oblique prism 
when it* auk** are iuil.ned to it* ends. 

(i. A pyramid is a solid having any 
plane figure for a base, and its sides arc 
triangles, the vertices of which meet in a 
point at the top, railed the vertex of the 

pyramid. 



The pyramid takes names according to the figure of its base, 
like the prism ; being triangular, nr square, or hexagotiul, Ac. 

7. A cone i* a round pyramid, having 
a circular basC. 

8. A sphere is a solid bounded by one 
continued convex surface, every jwiint of 
which is equally distant from a point 
within, called the centre. — The sphere 
may be conceived to be formed l»y the 
revolution of a semicircle about its din- 
metiT, which remains fixed. 

9. The axis of a solid, is a line drawn from the middle of* one 
end, to the middle of the opposite end ; as between the ophite 
ends of a prism. Hence the axis of a pyramid, is the line from 
the vertex to the middle of the base, or the end on which it is 
supposed to stand, as O V. And the axis of a sphere, is the 
same as a diameter, or a line passing through the centre, and 
terminated by the surface on both sides. 

Notk, It is called a right pyramid when the axis is perpendicular to th«- 
baa* bat when inclined to the base, it is called an oblique pyramid. 
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10. The height or altitude of a solid, is a line drawn from its 
vertex or top, perpendicular to its base. — This is equal to the 
axis in a right prism or pyramid ; but in an oblique one, the 
height is the perpendicular side of a right-angled triangle, 
whose hypothenuse is the axis. 

11. Also a prism or pyramid is regular or irregular, as its 
base is a regular or an irregular plane figure, 

12. The segment of a pyramid, sphere, or any other solid, is 
a part cut off the top by a plane parallel to the base of that 
figure. 

13. A frustrum or trunk, is the part that remains at the 
bottom, after the segment is cut off. 

14. A zone of a sphere, is a part intercepted between tw’o 
parallel planes. When the ends, or planes, are equally distant 
from the centre, on both sides, the figure is called the middle 
zone. 

15. Tin* sector of a sphere, is composed of a segment less 
than a hemisphere or half sphere, and of a cone having the 
same base with the segment, and its vertex in the centre of the 
sphere. 

0 16. A circular spindle, is a solid generated 

by the revolution of a segment of a circle 
about its chord, which remains tjxed. 

17. A regular laxly, is a solid contained under a certain 
number of equal ami regular plane figures of the same sort. 

18. The faces of the solid are the plane figures under which 
it is contained ; and the linear sides, or edges of the solid, 
are the sides of the plane faces. 

19. There arc only five regular bodies : namely, 1st, the 
tetrahedron, which is a regulur pyramid, having four triangular 
faces : 2nd, the hexahedron, or cube, which has 6 equal square 
faces: 3rd, the octahedron, which has H triangular faces : 4th, 
the dodecahedron, which has 12 pentagonal faces: 5th, the 
icosahedron, which has 20 triangular faces. 

TAIil.E OK SOLID MEASURE. 


1728 cubic inches = 1 cubic foot. 

27 cubic feet = 1 cubic yard. 

? r 1 cubic inches = l gallon. 

2<7J nearly J 
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Problem I. 

To find the solidity of a rube. 

Rule. — Cube one of its sides for the content ; that is, mul- 
tiply the side by itself, and that product by the side again. 

FORMULA*.. 

Let / =r length of the side of the cube, S its solidity, and » its 
surface ; ( which two Inst arc also used to represent the solidities 
and surfaces of all the solids in the following problems ) then, 

S ss /*, and / = Also s = 6/*. 

EXAMPLES. 

1. If the side A B, or A C, or B D, of a cube be 24 inches, 
what is its solidity or content ? 

By the Rule or the first Formula. 

24 

24 A H 

W> 

48 

576 

24 

2.104 
1152 

15824 Arts. 

2. How many solid yards are in a cul>c the side of which is 

22 feet? Arts. 3tH solid yards Mfert. 

3. Required how many solid feet arc in the cube the side of 

w’hich is 18 inches ? Arts. 3j[. 

4. What is the content of a cube, measuring 6 feet 8 inches 

every w’av? Arts. 296 rultir feet 3'. 6". 8 "'. 

5. A cubical box contains 343 cubic feet ; required the 
length of its side. 

By the second formula / ss - 3 ^343 ss 7 feet. 

6. How* may square feet of deal will make a cubical box, lid 
included, each side of the box being 3 feet ? 

By the last formula, *s=6/* s= 6 x 3* =54 square feet. 

Problem II. 

To find the solidity of a parallelopipedon. 

Rule. — M ultiply the length, breadth, and depth, or altitude. 
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all continually together, for the solid content : that is, multiply 
the length by the breadth, and that product by the depth. 

formula-:. 

Put l sas length, b = breadth, and d = depth of the solid ; 

then S = l b d t l = b = r^L d = Also, s zz 

b d Id lb 

2 j/(4 + rf;+/,rf) j . 

KXAMPLF.S. 

1. Required the content of the parallelopipedon, whose 
length AB is 6 feet, its breadth AC 2 A feet, and altitude B D 
\ 'i feet ? 

1-7 5 = HI) 

6 = A B 



26 '250 A ns. 


2. Required the content of a parallelopipedon, the length of 
which is 10*. r i, breadth 4*2, and height 3*4. An*. 149*94. 

3. How many cubic feet are in a block of marble, the length 

of which is 3 feet 2 inches, breadth 2 feet 8 inches, and deptli 
2 feet (> inches ? -//us. 21j. 

4. A stone in the ruins of the walls of Baall>cc is 36 feet in 
length, 14 in breadth, and 12 in thickness; required its content, 
and its weight at the rate of 180 lbs. jht cubic foot. 

A ns. 11088 cubic Jett, and tceUfht 801 tons. 

5. A rectangular cistern is to be made 32 feet in length and 
12 in breadth, and to hold 1920 cubic feet of water ; what must 
be its depth ? 

S 1 Q*>0 

By the third formula the depth dzz -r-j- = ■ -■ zz 5 feet. 

J 1 lb 32x12 

6. What quantity of deal is there in a box 3£ feet long, 2 
wide, and 1 \ deep ? 

By the last formula * sr 2 jaj (2 + 1$) + 2 x 1 $ j = 30$ 
square feet. 
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PllOllLKU III. 

To find the solidity of any prism or cylinder. 

Rn.K. — Find the area of the base or end ; which multiply 
by the height or length ; ami the product will be the content. 
To find the area of the surface of a prism or cylinder. 
Rule. — M ultiply the circumference of the base or end by tin- 
length or height, and the product will bo the area required. 

Note. If the wholr surface be required, the area of the two ends must L* 
added to the urea found by the rule. 

FORMULA-:. 

Put / = length or height, as before ; a the area, and r the 
circumference of the base ; then 

S zz a l =r— — /, / = Also s = c / + 2 a zz surface of 

4 n a 

the prism, including the two ends, and s zz * r l zz convex sur- 
face of the cylinder, exclusive of the ends, r being the radius of 
the base. 

r.\A MULLS. 

1. Required the content of a triangular prism, the length 
AC of which is 1 2 feet, ami each side of its equilateral base 
2{ feet. 

liy the Rule or first Formula. 

•d.'DOld tabular No. 

Gj = <2M- 


2..V.H07H 


a as 2'7t)G.‘>.'i 1 area of end 
/ sss 12 length 


. ins. 32*47oil72 solid fret. 

2. Required the solidity of a triangular prism, the length of 

which is 10 f<i*et, ami the three sides of its triangular end or 
base, are .7, 4, d feet ? A ns. GO cubic feet. 

3. What is the content of a hexagonal prism, the length 
being 8 feet, and each side of its end 1 foot G inches. 

An*. 4G'7Go cubic feet. 

4. Required the content of a cylinder, the length of which is 
20 feet, and circumference feet. 

By the second formula, 

S = — = (.51)* x 20 x OT9.5S = 4S146 cubic feet. 

4 v * 



3 * 
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5. What is the convex surface of a cylinder, the 
length of which is 16 feet, and its diameter 2 feet 3 
inches ? 

By the last formula, 

» = ir r l = 3*1416 x 24 x 16 = 113*0976 sq. feet 

6. Required the whole superficial area of a cylinder, 
the length of which is 13 feet, and diameter feet ? 

Ans. 32 J square yards . 



7. The whole superficial area of a triangular 
prism is 143 square feet, and each side of its 
equilateral ends 3 feet; required its length? 

By transposing the third formula, 

/ zr i — = (3 feet 8 inches nearly. 

r 

8. The diameter of a cylinder is 12 feet, and its 
length 20; required the content? 

A ns. 2262 cubic feel nearly. 

9. How many cubic feet of stone is there in a 
round pillar, tin* height of which is 16 feet, and 
diameter 2 feet 3 in.? * Ans . 63*62 cubic ft. 

10. How many square yards of painting arc 
there in the convex surface of a column, the 
length of which is 20 feet, and its diameter 2 feet? 

Ans. 13 square yards 8 1 feet nearly. 


Pttoni.r.M IV. 

To J:nd the solidity of any coni, or any pyramid. 

Rule. — C ompute the area of the base, then multiply that 
area by the height, and take \ of the product for the content. 

To find the convex surface if a right cone t or the slant sur- 
face of a right pyramid. 

Rh.k. — M ultiply the circumference of the base by the slant 
height, or length of the side, and take half the product for the 
surface. 

KOKMtL.K. 

S ^ 40 /, a = ~~f~' l == V* ^ s0 9 = 1 c I* l being the 

slant height. When the whole surface is required, the area of 
the base must be added. 

EXAMPLES. 

1. What is the solidity of a cone, the height C D of which is 
12$ feet* and the diameter A B of the base 2£ ? 
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Here 2* x 2* x = | x § x = 6* = A B*. 

Then *7854 
6 i 

4-7124 
19635 

4*90875 area of base 
12J height C I) 


58*90500 

2*454375 



3) 61 *359375 
20*453125 Am. 

2. What is the solid content of a |>entagonal pyramid, it* 
height being 12 feet, and each side of its base 2 feet ? C 
1*720477 tab. area 

4 square side 


6*881908 area base 

4 i of height C O 


.bis. 27*527632 cubic fret. 

3. What is the content of a cone, it* height l>eing 10) f»vt, 
and the circumference of its base 9 feet ? 

Ans. 22*561 cubic J'vct. 

4. Required the content of a triangular pyramid, its height 
being 14 feet 6 inches, and the three side-, of its base, 5, 6, 7. 

Am. 71*0351 cubic fat. 

5. What is the content of a hexagonal pyramid, the height 
of which is 6*4, ami each side of its base 6 inches. 

Ans. 1*38 cubic fret. 

6. If the diameter of the base A II be 5 feet, and the side ui 
the cone AC 18, required the; convex surface. 

31416 

5 <luunet«r 

• 157oMi cmurafiTMic* 

IS 

125604 

15708 



2) 282*744 

At. 141-372 »?iuk rtf mi. 
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7. What is the convex surface of a cone, the slant side of 
which is 20, and the circumference of its base 9 feet ? 

Ans. 90 square feet . 

8. Required the convex surface of a cone, the slant height of 
which is 50 feet, and the diameter of its base 8 feet 6 inches ? 

A ns. 667*59 square feet. 

9. The side of the equilateral base of a triangular pyramid is 
5 feet, and its solid content 62 { cubic feet ; required its per- 
pendicular height. 

Ans. lly the third formula, the height is found 17 feet 4 
inches nearly. 

10. Required the weight of a hexagonal pyramid of marble, 

each side of the base of which is 1 foot 3 inches, and the ver- 
tical height 10 feet, the weight of the marble being 170 lbs. 
per cubic foot. Ans. 1 ton. 0 net. 181 lbs. 

11. A cone contains H solid feet, and its height is 2 feet: 
what is the circumference of its base? Ans. 12*28 ft. nearly. 

12. The circumference of the base of a cone is 33 feet, and 
the slant height 8 fed 9 inches ; required the content ? 

Ans. 202*65 vuhiejeet. 

PltoiiLKM V. 

To find the solidity of the frustrum of a cone, or any pyramid. 

<i .M'.tiAi. Rl'l.K. — To the areas of the two ends add the 
square root of their product, and multiply the sum by £ of the 
height for the solidity. 

KOHMIL.K. 

If A and a be the areas of the greater and lesser ends ; then, 
S ~ ^ A *4- a -f- A a ) l. 

I Then the solid is the frustrum of a cone , or of a pyramid, 
haviny its ends regular polygons. 

Rt’LK* — To the sum of the squares of the radii of the end 9 , 
if n cone, or of the side.* of the ends, if a pyramid, add their 
product ; and multiply the sum by 3*1416, if a cone, or by the 
tabular number of the jndygon, if a pyramid, and again by { of 
the height for the content. 

FORM l' LAC. 

S= J (R* + r» + Rr) /», 

in which R and r ore the radii of the ends, if a cone, or the 
aides of the ends, if a pyramid. In the Utter case * represents 
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the tabular number of the polygon. If R and r Ik* token us the 
circumferences of the ends of a cone, then « must be taken 
= 07958. 

To find the convex surface or frustrum of a cone , or the slant 
surface of a pyramid . 

Rule. — Multiply the sum of the circumferences of the two 
ends by \ the slant height of the frustrum lor the required 
surface. 

Note. When the whole surface i.s required the areas of the two end* must l *w 
added to the result of the Rule. 


EXAMPLES. 

1. What is the content of a frustrum ol'u cone, the height of 
which is 20 inches, and the diameters of its two ends 28 and 
20 inches ? 



13952 

1741 

10104 

;i4ss 


450*5792 

20 = r u 


Am. 9131 *5840 solid inches. 

2. Required the content of a pentagonal frustrum, the height 
of which is 5 feet, each side of the base 1 foot f> inches, and 
each side of the less end 6 inches. 
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156 l of sum 
1*7204~7 tab. area 


10322862 
s 002385 
171*0477 

268*394412 moan area 
5 height P (2 

. M2 134 1*972060 
144 f 12 1 1 1 *h31(>05 

9*319250 Am. in cubic fret. 

3. Wlmt is the* solidity of the frustrum o r u rone, the altitude 

being 25, the eireuinferenee at the greater end 20, and at the 
less end 10 feet ? Ana. 404*205 cubic feet. 

4. IIow many solid feet arc in a piece of timber, whose bases 

an* squares, each side of tin* greater end being 15 inches, and 
each side of the less end 0 inches ; also the length, or perpendi- 
cular altitude is 24 feet? Am. 19 J cubic feet. 

5. To find the content of the frustrum of a cone, the ultitude 
being IS, the greatest diameter 8, and the least 4 feet? 

Am. 527*788 8 cubic feet. 

6. Wlmt is the solidity of a hexagonal irustrum, the height 

being 6 feet, the side of the greater end 18 inches, and of the 
less 12 inches? Am. 24*08 cubic feet. 

7. The girts of the trunk of a tree at its two ends are 15 and 

10 feet, and its length 48 feet ; how many solid IW*t does it 
oontain? (U and r being taken for the girts in the second 
formula, 9u\) Am. 604 1 nearly. 

8. The height of the frustrum of an octagonal pyramid is 48 

feet, and the sides of its ends 26 and 19; required the solid 
content. -4*». 118279 cubic feet. 
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9. The sides of the ends of the frustruin of a 
square pyramid are 6 and 4 feet, and its slant 
length 20 feet, required its slant surface, 

4 x 4 = 16 ( circumf - of ends - 
40 sum 

10 zz J length 
9) 400 

44 J square yards 

Noth. The slant length is measured from the middle of 
one aide to that of it* corresponding aide. 

10. The slant height of tower, in the* form of 
a hexagonal pyramid, is 74 feet, each side of the 
base 7J, each side of the top 2} feet ; required the area of the 
sides, and the expense of painting it at )s. lid. |H»r square yard. 

A us. 2220 square feet y and £ 1 3 8x. Ad. 

11. What is the convex surface of the frustrurn of a cone, 
the slant height of tin* frustruin being 12*5, and the circumfer- * 
enccs of the two ends 6 and 8*4 feet ? Ans. M> square feet. 

12. Required the convex surface^ of the frustruin of a cone, 
the side of the frustrurn being 10 feet G inches, and the circum- 
ferences of the two ends 2 feet 3 inches and 3 feet 4 inches ? 

Am*. 39 [j square J vet. 

13. The perpendicular height of the frustruiu of a com* is 3 

feet, and the circumferences of the base and top 9 and G feet ; 
ret] ui red the whole surface ? Ans . 68*33 square feet. 

pRoltl.KM VI. 

To find the solulity of a wedge. 

Rule. — T o the length of the edge add twice the length of 
the back or base, anti reserve the sum ; multiply the height of 
the wedge by the breadth of tin* base ; then multiply this pro- 
duct by the resorted sum, ami take £ of the last product for the 
content. • 

iOKMl/LA. 

S s i (2 / + /') h hy the synitxds denoting the parts shewn 
on the following figure. 

EXAMPLES. 

1. What is the content in feet of a wedge, the altitude A P 
of which is 14 inches, its edge A B 21 inches, and the length of 
its base D £ 32 inches, snd its breadth CD 4J inches ? 





23 £ 


a 15 
504 

6 5355 

f 12 892‘5 -'I ns, in cubic inches 

1728 -M2 74-375 

(12 (>1979 Hi 

*5 1 (>493 A ns. in cubic feet, or little more than 
half a cubic foot. 

2. The edge and base of a wedge are respectively 9 feet, and 
5 feet 4 inches in length, the bust* is 2 feet 8 inches in breadth, 
and the height 3 feet 0 in. ; required the content of the wedge, 

Ans. 30 cubic Jett, 7 . 1 4" . 

3. The height and length of edge, the length ami breadth ol 
base of a wedge are each 2 feet : what is its solidity ? 

Ans. 4 cubic feet. 

Proulkm VII. 

To find the solidity of a prusmoid. 

Definition . — The ends of a prismoid ure parallel and dis- 
similar rectangles or trapezoids ; the solid is, therefore, the 
frustrum of a wedge, the part of the wedge next the edge being 
cut olf. 

Rule. — Add into one sum, the areas of the two ends and A 
times the middle section parallel to them, und £ of that sun. 
will be a mean area ; which being multiplied by the height 
will give the content. 

None. For the length of £he middle flection, take half the sum of the lcngtbi 
of the two ends; and for its breadth, take half the sum of the breadths of thi 
two ends. 

FORMULA. 

S = i (L B 4- / h 4- 4 M m\ the symbols representing tht 
parts shewn in the following figure. 

EXAMPLE. 

1. How many cubic feet are there in a stone, the ends o: 
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which are rectangles, the length and breadth of the one being 
14 and 12 inches ; and the corresponding sides of the other 6 
and 4 inches : the perpendicular height being 30| feet ? 


14 10 6 

12 8 4 


r 7~i 

168 80 24 

TV 

S 

4 — 

\ 

M M 

320 ( 


jfii 

168 \ 

N. 



24 B 

\| 



5) 512 


85} mean area in inches 
30 } height 

2560 

i 


J44 


f 12 
>12 


2602 <5 
2168 

18*074 A ns. 


2. What is tin* content of a railway coal waggon, of which 
the length and breadth at top an* 81} and 55 inches at liottoiii, 
the length and breadth are 41 and 29} inches, and the height 
47| inches ? Am. 73} cubic Jeet. 

Note. Several railway cuttings an* in tin* form of n priwioid, with dissimilar 
trapezoidal end*. Tim following is an example of tin* kind, the bottom width 
being the same throughout. 


3. The top widths of a railway cutting arc 120 and 90 feet, 
their respective depths 30 and 20 feet, the Ixdtoin width 30 
feet, and the length of the cutting 3 chains or 66 yards ; re- 
quired the content in cubic yards. Am. 12466J cubic yards. 


Puonlem VIIL 

To find the solidity of a sphere or rjlohe. 

Rule. — M ultiply the cube of the diameter by *5236. 


formula:. 

SrjD 1 *, and 1 ) = 
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EXAMPLES. 

1. pie diameter of a sphere is 12 feet ; re- 
qtured its solidity ? 

12* x *5236 = 904-7808 cubic feet 

2. Find the content and weight of an ivory 
ball 3£ inches in diameter, the weight of ivory 
being 1820 ounces (Av.) per cubic foot. 

Ana* Content 22*448 cubic in., and weight 24 ounces nearly . 

3. A 2^ inch cube of ivory is turned into a sphere of the 
same diameter ; what weight of ivory will be lost ? 

Ans. 7*68 ounces. 

4 . Required the solid content of the earth, supposing its cir- 
cumference to be 25000 miles ? 

Ans . 263858149120 cubic miles. 

Prohlkm IX. 

To find the solidity of a spherical segment. 

Rule. — To three times the square of the radius of its base, 
add the square of its height ; then multiply the sum by the 
height, and the product again by *5236. 

FORMULA. 

S = i (3 r* 4- /<*) h », in which rzAB, and h =z CD. 

EXAMPLES. 

1. Required the content of a spherical segment, its height 
being 4 inches, and the rudius of its base 8 ? 

S 4 *5236 

S 4 832 




832 

2. What is the solidity of the segment of a sphere, the height 
of which is 9, and the diameter of its base 20 feet ? 

Ans. 1795*4244 cubic feel. 

3. Required the content of the spherical segment, the height 
of which is 2£, and the diameter of its base 8 61684 feet ? 

Ans. 71 5695 cubic feet 



formula. 

EXAMPLES. 

1. What is the solid content of a zone, its greater diameter 
lieing 12 inches, the lesser 8, and the height 10 inches? 

6 9 =36 
4 9 = 16 
i x 10 9 = 33£ 

85i 

S*H x 10 x 1*5708 = 1340*416 cubic in ., 
the content required. 

2. Required the content of n zone, the greater diameter is 12, 
less diameter 10, and height 2 feet. A ns. 195*8264 cubic Jl, 

3. What is the content of a middle zone, the height being 8 
feet, and the diameter of each end 6 feet ? 

Am. 494*2784 cubic feet. 

4. A cask is in the form of tin* middle zone of a sphere, its 
top and bottom diameters tsdng 5 feet 8 inches, and its height 
5 feet, inside measure ; how many gallons will it contain ? 

Am. 1193 \ gallon*. 

Problem XI. 

To find the convex surface of a sphere , also of a segment and 
zone thereof. 

For the sphere. 

Rule. — M ultiply the square of the diameter by 3 * 1416 . 

For the segment or zone 

Rule. — M ultiply the circumference of the whole sphere by 
the height of the segment or zone. 
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formula:. 

c* 

A = d* * = c d = for the sphere. 

A zz dh* zz c h for the segment or zone. 


EXAMPLES. 

1. Required the convex surface of a sphere, the diameter of 
which is 2 feet. 

2* x 3*1416 =r 12*4264 square feet. 

2. The circumference of u spherical stone is 4 feet, required 
its convex surface. 

Here ~ =r 4* -f- 3*1416 = 5*0928 square feet. 

3. Required the urea of the surface of tin* earth, its diameter 
or axis being 7957 J miles, und its circumference 25(XX) miles. 

- in ft. 1989 13750 square milts. 

4. The axis of a sphere Wing 42 inches, what is the convex 
superficies of the segment, whose height is 9 inches ? 

. In a. 1 1 87*5248 square inch**. 

5. Required the convex surface of a spherical /one, the 

breadth or height of which is 2 feet, and cut from a sphere of 
12^ feet of diameter. „tns. 78*5 1 square feet. 


Tkoiilkm XII. 


To find tin solidity of a circular spindle. 

Rule. — From £ of the culx* of the length A R subtract twice 
the product of the area of tin* circular segment A V R and’ the 
central distance E O. and multiply the difference by 3*1416 for 
the solidity. 

iouwula. 



2 E O x area of seg. AC R) ». 

Xotk. The central distance K O, and 
the area of the aegment A V It may In* 
found b\ tlu* Problem* for the purpote in 
Part* II. and 111.; honker, the whole 
operation shall be given m the following 
example. 

EXAMPLES. 

1. The length A B of a cir- 
cular spindle is 24 feet, and its 


middle diameter CD — 18 : what is its content ? 


Diameter II I = + CE + 9 = 25 feet. 
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Then, by Rule II., Prob. VIII., page 45, 

9 t* 25 = *36 = tabular height or versed sine. 

The area of corresponding sog. Tab. 1., is ’25455, which 
multiplied by II I* = 25 9 gives 1 59*09375 = area of seg. A C B. 
Now EO = CO — CE = y — 9 = 35, or 2 K 0 = 7. 

Whence S = (i A B s — 2E0 x area of sog. A C B) * = 
(i24» — 7 x 159 09375) x 3*1416 = 3739 J cubic feet. 

2. The length of a circular spindle is 6 feet, and its middle 
diameter 2-J feet ; required the content ? Ans. 16 J c./t. marly . 

Piioiu.km XIII. 

To find the content of the middle zone or f rust rum of a 
circular spindle. 

Rl'I.k. — F rom thrice the square of the length of the whole 
spindle subtract the square of the length of the middle frustrmn, 
and multiply the dill’ercrce by 
J of the said length of the 
frustrum. Again, multiply 
four times the central distance y 
by the area of the middle sec- 
tion A 1) E C B F. — Subtract 
the latter product from the. 
former, and multiply the re- 
mainder by *7S54 for the con- 
tent. 

Noth. — T he middle frustrum of n circular swindle ix one of tin- vuii' tit# nt 
casks in guoging, the pnicticai rule for finding the content of which, though not tu> 
strictly accurate, is much more connxc than the mie just gitcu. (Jv«- (.wujtnrj). 
We shall, therefore, not give an example worked out at length, ax in the pre- 
ceding Problems, but shall give, for the exercise of the student, the following 

EXAMPLE. 

How many gallons (Imperial) arc contained in a rusk, in the 
form of the middle frustrum of a circular spindle, it* head dia- 
meter (Al>) being 12, its hung diameter (EF) 16, and its 
length (DC) 20 inches ? Ans. 12*6 ynlltms. 

Problem XIV'. 

To find the com ex surface of a circular sjnndlc A C 11 1), 
( fig. to Prob. XII. ) or ofi any seyment A P D, or zone A DC B, 
tfig. to Prob. XIII.). 

FORMULA:. 

Let / = length of the spindle, segment, or stone, a = its re- 
volving arc, r = the radius of the generating circle, and c zz 
the central distance : then A = 2 Hr — ac)w. 
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EXAMPLE. 

What is the surface of a circular spindle, the length of which 
is 24, and its middle breadth 18 feet? Ant, . 1181^ sq.ft 

Problem XV. 

To find the solidity of a cylindrical ring . 

To the thickness of the ring, add the inner diameter ; then 
multiply that sum by the square of the thickness, and the pro- 
duct again by 2*4674, or \ of the square of 3*1416, for the 
solidity. 

FORM ( LA. 

Let K and r be the inner and outer radii of the riilg ; then 
S = {(\l — r)* (R + r)**. 



EXAMPLES. 

t. Required the solidity of a 
ring, the inner diameter being 
12 and the thickness 2 inches. 

(12 + 2) x 2* x 2*4674 = 

^ 138*1744 square inches. 

2. What is the content of a 
ring, the thickness of which is 
4, und inner diameter 16 feet? 

. Ins. 789*568 square feet. 


Problem XVI. 

To find the sur face of a cylindrical ring . 

Rule. — Multiply the sum of the outer and inner radii gf the 
ring by their difference, or the thickness of the ring, and the 
product by 9*8696, or the square of 3*1416 for the surface. 


FORM l LA. 

A z: (K + r) (R — r) 


EXAMPLES. 

1. The inner and outer radii of a ring are 6 and 8 inches: 
required the area of its surface. 

(8 (>) ^8 — x 9*8696 =r 276*3188 sy. inches . Ans. 

2. What is the surface of a ring, the inner diameter of which 

is 16, and thickness 4 inches? Ans. 789*568 sq. in. 


Problem XVII. 

To find the solidity of a spheroid . 

Square the revolving axis, multiply that square by the fixed 
axis, and multiply the product by *5236 for the content. 
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FORMULA. 

S = I r 1 /,, r being the revolving axis, and /tlm fixed axis. 

Note. In the prolate spheroid, the revolving axis is the conjugate; but, in 
the oblate, the revolving axis is the transverse. 

EXAMPLES. 

1. Required the solidity of the prolate spheroid A CRD, the 
axes being ABoO and C D 30. 

,30 *52 36 

30 4, >000 

900 261HOOOO 

50 20944 

45000 23562 0000 Arts. 

2. Required the content of an oblate spheroid, the axes of 

which are 50 and 30 inches. Arts. 22 7257 mbic feet. 

3. What is the solidity of a prolate spheroid, the axes of 

which are 9 and 7 feet ? A ns. 230*9076 cubic Jcct. 

4. The earth is an oblate spheroid, the equatorial and fKilitr 
axes being 7925.J and 7899 miles respectively ; what i* its eon- 
tent in cubic miles ? 



PltollI.KM Will. 

To find the content o f the mobile zone of a spheroid, the cuds 
fmnp circular and perpendicular to the ft. red axes. 

Kplk. — T o double the square of the middle diameter, add the 
square of the diameter of one end ; multiply this sum by the 
length of the frustrum, and the product again by -2618 for the 
content. 

X<>TR, Tin* middle rone or frustrmn of a spheroid is one of the varieties of 
casks in guaguig. 

EXAMPLES. 

1. Required the content of the middle zone of a spheroid, 

the middle diameter being 30, the diameter of each end i 8 y and 
the length 40 inches* Am. 22242*528 cubic, inches. 

2. How* many gallons are contained in a cask in the form of 

the middle zone of a spheroid, the bung and head diameters 
being 20 and 16 inches, and the length 18 inches, oil internal 
measures? Am. 17 ]| imperial gallons. 
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Problem XIX. 

To find Hie solidity of a paraboloid . 

Nome. A paraboloid is generated by the revolution of a parabola on its axis. 

Rule. — Multiply the square of the diameter of the base by 
the height or axis, and the product again by *3927 for the 
content. 

EXAMPLE. 

What is the content of the paralxdie conoid, the height of 
which is 42, and the diameter of its base 24 ? 

Ans. 9500* 19S4. 

Problem XX. 

To find the solidih/ of the /rostrum of a paraboloid. 

Rule. — Square the diameter of the two ends, add those two 
squares together, multiply that sum by the height, and the pro- 
duct again by *3927, fur the content. 

ex \ mples. 

1. Required the content of a parainiloidal frustrum, the dia- 
meters being 20 and 40, and the height 22 J ? 

Ans. 1 707 1 !j cubic inches. 

2. What is the content of the frustrum of a paraboloid, the 
greatest diameter lieing 30, the least 24, and the altitude 9 V 

Ans. 5216*626*. 

Problem XXI. 

To find the superficies or solidify of any regular hotly. 

Ri le I. — Multiply the proper tabular area (taken from the 
following table) by the square of the linear edge of the solid, 
for the superficies. 

Ri le 11. — Multiply the tabular solidity by the cube of the 
linear edge, for the solid content ? 


St REACKS AND SOLIDITIES OF REO I'l.AK BODIES. 


No. of 
fact's. 

Naim's. 

Surface*. 

Solidities. 

4 

Tetrahedron 

1-73205 

0*11785 

6 

Hexahedron or Cube ; 

6*00000 

1-00000 

8 

Octahedron ; 

3*46410 

0*47140 

12 

Dodecahedron ‘ 

20G4573 

7-66312 

20 

Icosahedron i 

[ 

8*66025 

21S169 


Not*. Tl»«*e tr* frequently called the Platonic bodies. 
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kxampi.es. 

1. If the linear edge or side of a tetrahedron be II feet, re- 
ijuired its surfaee and solidity ? 

l*73-Oo > 15* = 13\>SS4.*) sfjtinrr Jvrt = surfaee. 

0*1 IT x «> 3 = .'MM cubic fevt = solidity. 

2 . What ure the -tijKTfieies and >oli»lity of the o< tuhedron. 
the linear side of which i- 2 feet f 


I < | Superficies 1 3“S.%< J*| stjuurr Jh t. 
ftS ' | Solidity I>*7711 Ivuhirfvtt. 


II. What are the airfare?, and solidities of a dodecahedron 
and iro-ahnlron, eaeh of the linear side- of which are 2 feet r 


. i/ts. 


I>iMlecuhe»lron ... 


Ieu-ale d)'« ill . 


( Surfaee square Jnt. 

| Solidity f»I*I>().‘i rufitr fret. 

| Surface stjunrv Jvrt. 

{ Solidity 17'4oI5 vuhivfvtt. 


Tin; sliding ok ( akit;nti;k\s kilk. 

1 Hi- Uk-tnnneut i- otherwise called the sliding rule, and it if 
made u-« of in meu.-urin<! of tinilw r and artificer*’ works, both 
for taking the dimensions, and computing the content-. 

The in-irumeut eoii-i-t** of two «<{ual pieces, eaeh a lout in 
length, which are connected together hy a lulding joint. 

One side or lace of the rule, is dixided into inch*-, and hail 
quarter- or eighth-. On the same faee ul-o are s« x i-nil |dune 
scales dixided into 1 ifih parts l*y diagonal line-; xxhieij are n •*#•«! 
in plannim; dinun-h.r,- that arc taken in feet and inches. The 
edge of the rule i*» commonly divided decimally, or into tenth-; 
namely, eaeh foot into 10 «sjual part-, and each of these into Jo 
parts again : that, by means of tin- latter scale, dimensions 

are taken in feet, in tenth- and hundredth-, and then multiplied 
as common decimal ntimlters which i*» the lx\-t way. 

On the one part of the other face arc four lines, marked A, 
Ik (\ 1): the two middle ones, 15 and C\ being on a slider, 
wliich runs in a groove made in the stock. The same dixisions 
serve for Wh these two middle lines, the one being above the 
numbers, and the other below. 

These four lines ore logarithmic ones, and the three A, 15, C‘, 
which are all equal to one another, are double lines, as they 
proceed twice over from 1 to 10. The other or lowest line D, 
is a single one, proceeding from 4 to 40. It is also called the 

4 



On the other part of this face there is a table of the value of 
a load, or 50 cubic feet of timber, at all prices, from 6 pence to 
2 shillings a foot. 

When 1 at the beginning of any line is accounted 1, or unit, 
then the 1 in the middle will be 10, and the 1 at the end 100 ; 
and when 1 at the beginning is accounted 10, then the 1 in the 
middle is 100, and the 1 at the end 1000 ; and so on. All the 
smaller divisions being altered proportionally. 

Puoiilem L 

To multiply numbers together. 

Suppose the two numbers 13 and 24. — Set 1 on B to 13 on 
A; then against 24 on 11 stands 312 on A, which is the re- 
quired product of the two given numbers 13 and 24. 

Note. In any operation*, whm a number runs beyond the end of the line, 
nook it on the other radius, or other part of the line; that is, take the 10th (tart 
of it, or the 100th purt of it, At:., and increoae the result proportionally 10 fold, 
or 100 fold, See. 

In like manner the product of 3f, mid 10 is G65. 

And the product of :27o and .'>4 is 145SO. 

Pkoiu.i:m II. 

To divide by the sliding rule. 

As suppose to divide 312 by 24. — Set the divisor 24 on B to 
the dividend 312 on A; then against l on 11 stands 13, the 
quotient, on A. 

Also 39t> divided by 27 gives 14*0. 

And 741 divided by 42 gives 17'6. 


PltOULKU HI. 

To square any number. 

StipjHise to square 23. — Set 1 on II to 23 on A ; then against 
23 on 11, stands 329 on A, which is the square of 23. 

Or, by the other two lines, set 1 or 1 (X> on C to the 10 on D, 
then against every number on 1 >, stands its square in the line 
C. So, ugaimt 23 stands 529 
against 20 stands 400 
nguinst 30 stands 900 
and so on. 

If the given manlier bo hundreds, &c., reckon the I on D for 
100, or 1000, &c„ then the corresponding 1 on C is 10000, or 
100000, &c. So the square of 230 is found to be 52900. 
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Problem IT. 

To extract the square root. 

Set 1 or 100, &c., on C to 1 or 10, &c., on D ; then against 
every number found on C, stands its square root on D. 

Thus, against 329 stands its root 23 
against 400 stands its root 20 
against 900 stands its root 30 
against 300 stands its root 17.3 
and so on. 

Pkoulkm V. 

To Jim! a mean projmrtional Inhere n two numbers. 

As suppose lH*tw«*on 29 and 430. — Set the one number 29 on 
(.' to tin* same on I) : then against the other number 430 on C, 
stands their mean proportional 111 on 1). 

Also the mean between 29 and 320 is 96*3. 

And the mean between 71 ami 274 is 139. 

Pnoni.r.M. VI. 

To find a third proportional to two runpfbcrx. 

Suppose to 21 and 32. — S-t the lint 21 on It to the second 
32 on A : then against the seeond 32 mi 11 stands 4H*S on A; 
which i" the third proportional sought. 

Also the third proportional to 17 and 29 is 49*4. 

And the third proportional to 73 ami 14 is 2*3. 

Piiom.iM VII. 

To find a fourth proportional to three number x : or } to per - 
form the Uule-of- Three . 

SupjHise to find a fourth proportional to 12, 2N, and 114.— 
Set the first term 12 on li to the second term 2S on A ; then 
against the third term 114 on J5, stands 2 (>(i on A, which is the 
fourth proportional sought. 

Also the fourth proportional to G, 14, 29, is (>7*G. 

And the fourth proportional to 27, 20, 73, i* 31*0. 


TIMBKK MEASURING. 

PltfifSI.KM I. 

To find the area , or superficial content, of a board or plank . 
Multiply the length hv the mean breadth. 

Note. When the »«oan! i« tapering, add the breadth at tba two end* together, 
and ukt half the mm fur the mean breadth. 



76 


TIMBER MEASURING. 


BY TIIE SLIDING RULE. 

Set 12 on B to the breadth in inches on A ; then against the 
length in feet on B, is the content on A, in feet and fractional 
parts. 

EXAMPLES. 

1. What is the value of a plank, at 1|//. per foot, whom* 
length is 12 feet 6 inches, and mean breadth 1 1 inches ? 

By decimals. Bv duodecimal*. 

12*o ’ 12 f> 


11 


11 


1 [d. i* l j 1 1 o . (i 
! _ U " 4W. 

.'i m. i* *.j 0 | 

' 1 *. od. Ans. 

nr the sliding Kru:. 

As 12 B : 11 A :: 12£ R : I IJ A. 

That i.% us 12 on I» is to 1 1 on A, so is 12 J on B to 1 1 J on A. 

examples. 

2. Required the content of a Inmnl, whose length is 11 feet 
2 inches, and breadth 1 foot 10 inches. 

Ans. 20 / ert •*> inches s . 

«*1. What is the value of a plank, whirii is 12 feet 0 inciie* 
long, and 1 f<»ot •'! inche* broad, at 2 J d. a find ? 

. I ns . Gs. .i^d. 

*4. Required the value of fi\e oaken plank* at li d. per foot, 
each of them being 17J feet long; and their sewral breadths an 
as follow, namely, two of l.'tj inehe* in the middle, one of 14^ 
inches in the middle, and the two remaining ones, each IS 
inches at the broader end, and 11] at the narrower. 

Ans. i‘l fis. 8 \d. 

Problem 11. 

To find the solid content of si/ tt a red or four-sided tindn'r. 

Multiply tin* mean breadth by the mean thickness, and tie- 
product again by the length, and the last product will give tie- 
content. 

I1Y THE SLIDING KILL. 

C I) 1) C 

As length : 12 or 10 : : quarter girt : content. 

That is as the length in feet on C\ is to 12 on D when the 
quarter girt is in inches, or to 10 on D w hen it is in tenths of 
feet ; so is the quarter girt on D, to the content on C. 


12 i:J7*. r > 

11-4G 

1 id. is l l s. fid. . Ins. 
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Note i. If the tree Uper regularly from the one end to the other, either 
Uke the mean breadth and thickness in the middle, or take the dimensions at 
the tiro ends and half their sum tor the mean dimension. 

Ntrric 12. If the piece do not Uper regularly, but i? unequally thick in some 
parts and small in others ; take several different dimensions add them all tog? 
ther ; and divide their sum by the number of them, for the mean dimension. 

None 3. The quarter pit is a geometrical mean pn>|M»rtional between the 
mean breadth ami thickness that is the square root of their product. Sometimes 
unskilful measurers use the arithmetical mean instead of it, that is half their 
sum ; but this is always attended with error, and the more so, as the breadth 
and depth differ the more from each other. 

FXAMI’I.K.S. 

1. The length of a piece of timber is IS feet (i inches the 
breadth.*) at the jjreater and less end 1 foot t> inches and 1 foot 
3 inches, and tin* thickness at the greater ami less end 1 foot 
3 inches and 1 foot : required the solid content. 

Decimals. Duodecimal*. 

1 *3 1 t) 

i *2;, i a 


2) 2*73 


Of o 

1 

9 



1*373 

mean breadth 

4 

r> 


1*23 


1~ 

3 



1* 0 


1 

0 



2)1^23 


2) 2 

3 



1*123 

mean depth 

1 

1 

fi 


1 "37 3 

mean breadth 

1 

4 



of >23 


1 

1 

<> 


7H7 3 



4 

r> 


3373 




a 

9 

1123 






1 *34(>SS73 


1 

6 

a 

9 

1 8*3 

length 

IS 

6 



773 


J— 




1237'.(XK) 


27 

10 

l 

f> 

154GH73 



9 

3 

4 

28*6171873 

content 

28 ~ 

•f 

i 

i 

10 


1ST THK sl.ll»t\i; RULE. 

11 A II A 

As 1 : 13* : : 16} 22*3, the mean square. 

e n r i» 

As 1 : I : : 223 14*9, quarter girt. 

c i> n «• 

As 18 J : 12 : : 14*9 : 28*6, the content. 



78 


TIMBER MEASURING. 


2. What is the content of the piece of timber, whose length 
is 24| feet, and the rattan breadth and thickness each 1*04 feet? 

.'Ins. 2 Sjfeet. 

3. Required the content of a piece of timber, whose length 
is 20*38 feet, and its ends unequal squares, the side of the 
greater being I9j, and the side of the less 9J inches. 

A ns. 29*7 ~A> feet. 

4. Required the content of the piece of timber, whose length 

is 27*3(i ,fect ; at the greater end the breadth is 1*78, and the 
thickness 1*23; and at the h>s end the breadth is 1*04. and 
thickness 0*91. A ns. 4 1 *278 Jcet. 

Problem III. 

To find the solidity of round or unsr/uared timber. 

Rule I., or common ki i.l. — Multiply the square of the 
quarter girt, or of \ of the mean circumference, by the length, 
for the content. 

BY Till: SLIOINO KI LL. 

As the length upon (' : 12 or 10 upon D : : quarter girt, in 
12ths or lOths, on 1) : content on (\ 

Noth I. When tin* tree i*< tapering, take tin* mean dimensions as in the 
former Problems, cither bv girting it in the middle, tor the mean girt, or at the 
two ends, ami take half the sum of the two. lhit w hen the tree j» very irregular, 
divide it into several lengths, and find the content of each part separately: 01 
else, add all the girts together, and iln ide the sum by the number of them, for 
the mean girt. 

Noth 2. This rule, which is commonly used, gives the answer about ] leas 
than the true quantity in the tree, or nearly what the quantity would he after 
the tree is hewed square in the usual way; so that it seems intended to make 
an allowance for squaring the tree. When the true quantity is desired, use the 
2nd Rule given Mow. 

EXAMPLE*. 

1. A piece of round timlier being 9 feet 6 inches long, and 
its mean quarter girt *42 inches ; what is the content ? 


Decimals. 


Duodecimals. 

3-5 * 

quarter girt 

3 

6 

n-5 


3 

6 

175 


10 

6 

105 


1 

9 

1225 


12 

3 

95 

length 

9 

6 

6125 


110 

3 

1 11*25 


6 

1 

1 16*375 

content 

116 

4 
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BY THE SEWING RULE. 

C 1) D C 
As 9 5 : 10 : : 3'* : \\l\' s 

Or 9*o : 12 : : 42 s U6J 

2. The length of a tree i> 24 feet, its girt at the thicker end 

14 feet, and at the smaller end 2 feet ; required the content. 

A ns. 5 Hi feet. 

3. What is the content of a tree, whose mean girt is 3* IS 

feet, and length 14 feet 0 inches? /(«.«. **9929 feet. 

4. Required the content of a tree, whose length is 17 j feet, 

which girts in ti\e different place* as follows, namely, in the 
first place 9*43 feet, in tin* second 7*92, in the third 0*15, in the 
fourth 4*74, and in the fifth 3* lfi. - ins. 42*31 95. 

Rule II. — Multiply the square of J of the mean girt by 
double the length, and tin* product will be the content, very 
near the truth. 

BY TIIK SEWING RUM.. 

As the double length on C : 12 or 10 on 1) : : {of the girt, 
in 12ths or 10th.*, on 1) : content on (’. 


i;\ \MTL1.S. 


1. What is the content of a tree, 

its length 

being 

y n-ct « 

inches, and it-* mean girt 

14 feet? 



D'triin.ii*. 


Ou'xliM’imals. 

2*H 

J of girt 

o 

9 

7 

2*S 


o 

9 

7 

224 


5 

i 

2 

50 


o 

1 

3 

7*S4 

19 



I 

8 


i 

10 

1 

— 

7056 


19 



» n 1 





I48SK. 

content 

14S 

11 

7 


BY THF. SEWING RULE. 

C I) I) c 

As 19 10 :: 2H : 149 

Or 19 : 12 :: 33 & t 149 

2. Required the content of a tree, which is 24 feet long, and 
mean girt 8 feet. An j. 122*88 feet. 
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3. The length of a tree is 14£ feet, and mean girt 3*15 feet; 

what is the content? An*. 11-51 feet. 

4. The length of a tree is 17;} feet, and its mean girt 6*28 ; 

what is the content ? Ans. 54*425 feet. 


ARTIFICER S’ WORK. 

Artificers compute the, contents of their works by several 
different measures. 

As glazing by the square foot. 

1’uintiiig, masonry, plastering, paving, by the yard of 9 
square feet. 

Flooring, partitioning, roofing, tiling, &e., by the square of 
1(K) square feet. 

And brick-work, either by the yard of 9 square feet, or by 
the square rod of 272,} square feet, or 30} Mjuare yards, being 
the square of the rod of 1(>J feet or yards long. 

As this iiumlwr 272} is a troublesome number to divide by, 
the J is often omitted in practice, and the content in feet di- 
vided only by the 272. Rut when the exact divisor 272} is to 
he tim'd, it will lie easier to multiply the feet by 4, and then 
divide successively by 51, 11, and 11. Also to divide square 
yards by 30}, first multiply them by 4, and then divide twice 
by 11. 

All works whether superficial or solid, are computed by the 
rules proper to the figure of them, whether it Ik- a triangle, or 
rectangle, a parullelopifK-d, or uny other figure. 


BRICKLAYERS’ WORK. 

Brick -work is usually estimated by the rod at the rate of a 
brick and a half thick ; so that if a wall Ik- more or less than 
this standard thickness, it must Ik* reduced to it, as follow s : 
Multiply the superficial content of the wall by the number of 
half bricks in thickness, and divide the product by 3. And to 
find the superficial content of a wall, multiply the length by the 
height in feet, and divide the product by 272, for the content 
in rods. 

Chimneys are by some measured as if they w-ere solid, de- 
ducting only the vaouity from the hearth to the mantle, on 
account of the trouble of them. 
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All windows, doors, he., are to be deducted out of the con- 
tents of the wall in which they are placed, and a distinct charge 
must be made for window heads, sills, quoins, he. 

A rod of brickwork of standard thickness contains alnuit 30.1 
cubic feet, and 4.100 bricks, making due allowance for mortar, 
joints, he. Assuming the cost of bricks at the kiln to be 3(w. 
|H»r thousand, the cost of bricks per rod will be 3 (m. x 4 } zr 
i‘H 2s. 0 it. The cost for building a rod of brickwork may In* 
taken at 3(ws. The cost of cartage and mortar varies with the 
locality of the building, this may Ik* tuken to average about 
20$. per rod. These items being collected, there results— 

i* s. d. 



Cost of bricks 

= S 2 0 


( list of labour 

zr . I 10 0 


Cost of cartage and mortar 

= 1 0 0 


• 

10 1H 0 


Profit at 10 per cent 

rr ! 1 10 


Cost per ml = 

= 11 19 10, or £12 per rd. 

Noth. 

Tin •.liidont mint, of corns.*, iimki 

■ his intimation according t«» tin* 

l xalitv of tin* Ituilduu;, tins In-ing mih a h)k 

■liincii of tin* method adopted |. v 

intelligent architect** and builder*. 



»:x 


1. How many rods of standard 

brickwork an* in a wall 

whose l 

ength or compass i- .17 feet 3 inches, and heigth 2d feet 

f> inches ; the walls being 2 \ bricks. 

or .1 half bricks thick ? 


iK-rimaU, 

iJuod.riiuaK. 


.17*2.1 

.17 3 


24 -.1 

24 r> 


28(52.1 

23 4 0 


22!KX) 

114 


114.10 

28 7 fi 


1402-62.) 

1402 7 0 


•1 half brieks 

.1 

3 

70 13* 12.1 

3 1 7013 1 a 

272 

2337 *708 J square f«*ct. 2 

72 1 2337 8 fi 


8 *.194 rods. 

Hr. 161/1. H 6" 


2. A triangular gable is raised 17£ feet high, on an end wall 
whose length is 24 feet 9 inches, the thickness being 2 bricks; 
required the reduced content in square yards. Am. 32*08 £ yds. 

1 * 
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masons' won&* 


8. The end wall of a house is 2S feet 10 inches long, and 55 
feet 8 inches high to the eaves, 20 feet high is 2} bricks thick, 
other 20 feet high is 2 bricks thick, and the remaining 15 feet 
8 inches is 1 J brick thick, above which is a triungular gable of 
1 brick thick, which rises 42 courses of bricks, of which every 
four courses make a foot. What is the whole content, and cost 
at £12 per rod ? . J 235 *(i2 t/ard\ and 8*384 rods. 

* | Cost i*i()0 12 9 . 2d. 


MASONS’ WOKK. 

To masonry belongs all sorts of stone-work ; and the mea- 
sure made use of is a souare foot or square yard. 

Walls, columns, blocks of stone or marble, ike., are measured 
by the cubic foot, and pavements, slab**, ehimney-pieees, &c., by 
the superficial or square foot. 

Cubic or solid measure is used fur the materials, and square 
measure, for the workmanship. 

In the solid measure, the true length, breudth, and thickness, 
arc taken, and multiplied continually together. In the sujht- 
ficial, there must be taken tie* length and breadth of e\ery part 
of the projection, which is seen without the general upright face 
of the building. 

The cost of stones for walling varies with the locality, as 
already noticed in bricklayers* work. 

A square yard of rubble walling 2 feet thick weighs tons, 
and assuming the cost of rubble stones at the quarry to be (*/. 
per ton, the cost of cartage l.v. per ton. the cost of mortar 4 </., 
and that of labour b. 8c/. per square yard, we shall have the 
following 

Ultimate for a square t/ard of rubble trailing 2 feet in thickness. 

s. d. 

Cost of materials nr Gd. x 1 J = 0 7} 

Cost of cartage z U x 1J = 1 3 

Cost of labour = 1 8 

Cost of mortar = 0 4 


3 10} 

Profit at 10 percent = 0 4} 

Total cost per square yard = 43 

An additional charge must be made for quoins, window heads 
and tills, when used in houses constructed of rubble work : also, 
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when the fronts of houses are constructed entirely with Ashler 
work, a separate estimate must be made for it. Ashlers 
usually average 9 inches in the bed, this width must, therefore, 
be deducted from whole width of the wall, and the remainder 
estimated as rubble work, to which the additional cost at the 
quarry, and of hewing the ashler must be added. 


KXAMPLKS. 

1. Required the square yards and cost of a rubble wall of the 
specified thick nos, the length of whilli is 53 feet 6 inches, and 
the height 112 feet 3 inches, at 4s. 3/. per square yard. 

53 5 x 12-25 t‘) = 72-S2 square yards, 
and 72*S2 x 4>. 3d sr £15 JK 5 Jr/, cost. 

lit THE SI.1I.INH KU.K. 

II A i; a 

ii : 53 J :: 12’ : 72] square yards. 

2. Required the talue of a marble slab, at K.v. per foot ; the 
length being 5 feet 7 iucho, and breadth 1 foot 10 inches. 

Ans. £1 ]s. 10*//. 

3. In a chimney piece, suppoft* the length of the mantle and 


slab, each 4ft. (>in. 

breadth of both together 3 2 

length of each jamb 4 4 

breadth of both together 1 9 

required the Mjpcrlieial content. Ans. 21/1. 10m. 


CARPKXTKRS’ AND JOIN HRS* WORK. 

To this branch lading* all the wood-work of u house, such 
as flooring, partitioning, roofing, &c. 

The large and plain parts are usually measured by the square 
of 100 feet ; but enriched moulding'*, ami some other articles, 
arc often estimated by running or lineal measure, and some 
things are rated by the piece. 

Joists are measured bv, multiply the depth, breadth, and 
length all together, for the content of one joist ; multiply that 
by the number of the joists. Note, that the length of the joists 
will exccM the breadth of the room by the thickness of the 
wall and \ of the same, because each cud is let into the wall 
about | of its thickness. 

Partitions are measured from wall to wall for one dimension, 
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carpenters’ and joiners’ work. 


and from floor to floor, as far as they extend, for the other ; 
then multiply the length by the height. 

In measuring joiners’ work, the string is made to ply close 
to every part of the work over which it passes. 

In rnajintf , the length of the rafters is equal to the length of 
a string stretched from the ridge down the rafter, and along 
the eavcs-lnmnl, till it meet* with the top of the wall. This 
length multiplied by the common "depth and breadth of the 
rafters, gives the content of one, and that multiplied by the 
numlKT of them, gives thfs content of nil the rafters. 

King-pant roof*, #c., all the timber* in a root* an* measured 

in the same manner as the 
joists. &<*., in flooring. In the 
annexed figure, representing 
a truss for a roof, all the 
beams, as tin* tie-beam, king- 
post, brace-, fcc., are mea- 
sured to their full lengths, 
breadths, and thicknesses, in- 
eluding the lengths of tenon-: also the parts cut out on each 
side of the king-post, to form abutments |«r the braces, arc in- 
cluded ; unless their lengths t»xeeed 2 feet each by o inches 
breadth, when their solidities must be deducted, pieces of 
smaller si/e, being considered of little or no value, are, there- 
fore, included in the measurement. 

For stair-cast^ take* the breadth of all the steps, by making 
a line ply close over them, from the top to the bottom : and 
multiply the length of this line bv the length of a step for the 
whole area. — lly the length of a step, is meant the length of 
the front and the returns at the two ends ; and by the breadth, 
is to he understood the girt of its two outer surface*, or the 
tread and rise. 

For (Jtt imlustradvy take the whole length of the upper part 
of the hand-rail, and girt over its end till it meet the top of the 
newel post, for one dimension ; and twice the length of the 
baluster upon the landing, with the girt of the hand-rail, for 
the* other dimension. 

For irauiscotiny, take compass of the room for one dimen- 
sion ; and the height from the floor to the ceiling, making the 
siring ply close into all the mouldings, for the other dimension. 
— Out of this must be made deductions, for windows, doors, 
and chimneys, &c. 

For doors, it is usual to allow for their thickness, by adding 
it into both the dimensions of length, and breadth, and then 
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multiply them together for the area. — If the door be pannelled 
on both sides, take double its measure for the workmanship : 
but if one side only be pannelled, take the area and its half for 
the workmanship. — For the surrounding architrave , girt it 
about the outermost part for one dimension, and measure over 
it as far as it can be seen when the door is open, for the other. 

IVindow-sh utters, bases, <$ r., are measured in the same 
manner. * 

EXAMPLES. 

1. Required the content of a floor 48 feet 6 inches long, and 


24 feet 3 inches broad. 


Decimals. 

Duodecimals. 

48*5 

48 6 

24] 

24 3 

19 10 

204 0 

970 

116 

12*12/5 

12 1 6 

1176*12/5 feet 

1176 1 6 

11*7012/5 squares 

4 ns. 11*70 J 6 

2. A floor lwing 30 feet 3 inches long, and 16 feet 6 inches 

broad, how many squares are in it? 

Ans. o stjtturcs 98 [feet. 

3. IIow many squares are there 

in 173 feet 10 inches in 


length, and 10 feet 7 inches height, of partitioning ? 

Ans. IS*, '1072 stjuuns. 

4. What cost the rooting of a house at 10*. (\d. u square ; 
the length, within the walls, l>eing .Vi feet 8 inches, and the 
breadth 30 feet 0 inches: reckoning the roof J of the fiat ? 

A ns. X'12 12*. 11 Jr/. 

o. To how much, at 6*. per square, yard, amounts the wain- 
scoting, of a room ; the height, taking in the cornice and 
mouldings being 12 feet 6 inches, and the whole compass 8/1 
f«*et 8 inches ; also the three window shutters an* each 7 feet 8 
inches by .‘1 feet 6 inches, und the door 7 feet by 3 feet 0 inches; 
the door aud shutters, being worked on 1 k>1)i sides, are reckoned 
work and half work? Arts. X\30 12*. 2J //. 

6. In a naked floor there are 2 girders, each 20 feet long, 
and 1 font 2 inches by 1 foot ; there are 16 bridging joists, each 
20 feet long, and 6} inches by 3 ; 16 binding joists, each 9 feet 
in length, and inches by 4: 48 ceiling joists, each 6 feet 
long, aud 4 inches by 2J : required the content in cubic feet. 

Ans. 1 14 cubic feet. 
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7. What will the wainscoting of a room cost at 4 &. per square 
yard ; the height of the room, including cornice and the mould- 
ings, is 12} feet and the compajA 125} feet; there are three 
window shutters, each 7 feet 8 inches hv 3} feet, and the door 
7 feet by 3} feet ; the door and shutters, being worked on both 
sides, arc reckoned half work additional ? Ahs. £36 12*. 2£. 


SLATERS’ AND TILERS’ WORK. 

In these articles, the content of a roof i< found by multiply- 
ing the length of the ridge by the girt over from caves to eaves; 
making allowance in tins girt for the double row of slates at 
the botto it, or for how much one row of slates or tiles is laid 
over another. 

When the roof is of a true pitch, that is forming a right 
angle at top; then the breadth of the building with its half 
added, is the girt o\er both sides. 

In angles formed in a roof, running from the ridge to the 
caves, when the angle liend* inwards it is called a valley ; 
but when outwards, it is called a hip. 

Deductions ure made for ehimnev shafts or window holes. 


1. Required the content of a slated roof, the length being 
15 feet 9 inches, and the whole girt 3 1 feet 3 inches. 


Di'cimak 


45 *75 
341 


Puo'lfiiinaU. 

45 9 
34 3 


18300 

13725 

114375 


205 6 
135 

1 1 5 3 


9) 1 566*9375 feet 9 ) 1 566 1 1 3 

yards 174-104 174 yds. 11 3. 

2. To how- much amounts the tiling of a house, at 25*. 6d. 
per square ; the length being 43 feet 10 inches, and the breadth 
on the flat 27 feet 5 inches, also the eaves projecting 16 inches 
on each side, and the roof of a true pitch ? Ans. £24 9*. 5}<i. 
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* PLASTERERS’ WORK. 

Plasterers* work is of two kinds, namely, ceiling, which is 
plastering upon laths ; and rendering, which is plastering upon 
walls : which are^n ensured separately. 

The contents are estimated either by the foot or yard, or 
square of 1(X) feet. Enriched mouldings, ike., are rated by run- 
ning or lineal measure. 

Deductions are to be made for chimneys, doors, windows, ike. 

EXAMPLES. 

1. I low' many yards contains the ceiling, which is 43 feet 3 
inches long, ami 25 feet G inches broad ? 


Decimal*. 

Duodecimals. 

43*25 

43 3 

254 

25 6 

21(525 

221 3 

8(550 

NG 

21(5-5 

21 7 G 

0 ) 1 102 875 

Oil 102 10 6 

yards 122‘541 

Am. 1 22 t/tls. iff. 10 (> 


2. To how much amounts the ceiling of a room, at !Or/. per 

vard; the length bei. g 21 feet 8 indie.*, and tie* breadth 14 
feet 10 inches? Ans. 1*1 p*. H]d. 

3. The length of a room is 18 feet G inches, the breadth 12 

feet 3 inches, and height 10 feet 0 inehe* ; to how much 
amounts the ceiling and rendering, the former at Hr/, and the 
latter at 3r/. |H*r yard ; allowing for the door of 7 feet by 3 feet 
8, and a fire-place of 5 feet square? Ans. 11 13*. 3 d. 

4. Required the quantity of plastering in a room the length 
being 14 feet 5 inches, breadth 13 feet 2 inches, and height U 
feet 3 inches to the under side of the cornice, which girts 
inches, and projects 3 inches from the wall on the upper part 
next the ceiling ; deducting only for a door 7 feet by 4. 

! 53 yds. 3 Jt. 3 i/i. of rendering. 

18 5 6 o f ceiling. 

30 0{ | of cornice. 
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PAINTERS’ WORK. . 

Painters’ work is computed in square yards. Every part is 
measured where the colour lies; und the measuring line is 
forced into all the mouldings and corners. # 

Windows are done at so much a piece ; and it is usual to 
allow double measure for carved mouldings, See. 

kxamim.es. 

1. How many yards of painting contains the room which is 
65 feet 6 inches in compass, and 12 feet 4 inche> high/ 

Aits, Hi) yards Of vet 10'. 

2. The length of a room Wing 20 feet, its breadth 14 feet 6 
inches, and height 10 feet 1 inches ; how many yards of paint- 
ing arc in it, deducting a lire-placo of 4 feet by 4 feet 4 inches*, 
and two windows each (> feet by -1 feet 2 inches r . Ins. 73^ Tt yr/.v. 

3. What cost the painting of a room at Or/, per yard; its 

length Wing 24 feet 6 inches, its breadth lf> feet 3 inches, and 
height 12 feet 0 inches; also the door i* 7 feet by 3 feet 0, and 
the window shutters to two windows each 7 fort 0 by 3 feet 0, 
but the breaks of the windows themselves arc s feet (> inches 
high, and 1 foot 3 inches deep: deducting tin- tire-place of 5 
feet by 5 feet 6? Am. 1*3 3a. 10 Jr/. 

GLAZIERS’ WORK. 

(ilaziers take their dimensions either in feet, inches, and 
parts, or feet, tenths and hundredths. And they compute their 
work in square feet. 

In taking the length ami breadth of a window, the cross bars 
between the squares are included. Also window* of round or 
oval forms are measured as square, measuring them to their 
greatest length and breadth, on account of the waste in cutting 
the glass. 

EXAMPLES. 

1. How ninny square feet contains the window which is 4*25 
feet long, and 2*73 feet broad ? 


Decimal*. 

Duodecimal*. 


2*73 

o 

i) 


n 

4 

3 


11*00 

11 

0 


•(>873 


s 

3 

11*6875 

Am. ’ 11 

$ 

3 
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2. What will the glazing a triangular sky-light come to at 

10c/. per foot ; tbc base being 12 feet 6 inches, and the per- 
pendicular height 6 feet 9 inches ? A ns. £1 1,7.*. u* 

3. There is u house with three tier of windows, three win- 
dows in each tier, their common breadth 3 feet 1 1 inches ; 

now the height of the first tier is 7 feet 10 inches, 
of the second 6 S 

of the third .* 4 

Required the expense of glazing at 14#/. per foot. 

Am. £13 11.*. 1 (>£</. 

4. Required the ex|»enso of glazing the windows of a house 
at 13#/. a foot ; there being three stories, and three windows iu 
each story : the height of the lower tier is 7 feet 9 inches, 

of the middle 6 6 

of the u|»|K*r .7 3} 

and of an oval window over the door 1 1()| 

The common breadth of all the windows being 8 feet 9 
inches. Ami. £12 iis. (id. 


PAVIERS’ WORK. 

Paviers’ work is done by the s<juare yard, and the content 
is found by multiplying the length by the breadth. 

examim.es. 

1. What cost the paving a foot-path at 3 s. 4 d. peryurd; the 
length being 3"> feet 4 inches., and Invadth 3 feet 3 inches ? 

An s. Content 32 yttnU 3 fret 6'. Cost £-7 7*. 1 1}#/. 

2. What will l>c the expense of paving a rectangular court 
yard, whose length is 63 feet, and breadth 4.7 feet ; in which 
there is laid a foot path of .7 feet 3 inches bn ad, running the 
whole length, with broad stones, at 3s. u yard ; the rest being 
paved with pebbles at 2s. 6d. a yard ? A ns. £40 .7 s. 10}#/. 


PLUMPERS’ WORK. 

Plumbers’ work is rated at so much a pound, or else by the 
hundred weight of 1 12 jioiinds. 

Sheet lead used in rooting, guttering, &c., is from 7 to 12 lbs. 
to the square foot. And a pipe of ail inch bore is commonly 
13 or 14 lbs. to the yard in length. 
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ARCHED AND VAULTED ROOFS. 


EXAMPLES. 

1. How much weighs the lead which is 39 feet 6 inches long, 
and 3 feet 3 inches broad, at 8* lbs to the square foot ? 


Decimals. 

Duodecimals. 

39*5 

39 

6 

3] 

3 

3 

118.5 

US 

6 

9*875 

9 

10 

128-375 

12S 

4 





1021 


1027' (XX) 

04 


(54J87.7 




Oil 


10911*75 Ans. 

nun/. 

lbs. 


2. What cost the covering and guttering a roof with lead, at 
18*. the ewt.; the length of the roof being -13 feet, and breadth 
or girt over it 32 feet ; the guttering 37 feet long, and 2 feet 
wide; : the former 9*S31 lbs., ami the latter 7*373 lb-, to the 
square foot ? A ns. 1*113 9.v. 1 \d. 

AKCIIKI) AND VAULTKI) KOOKS. 

To Jin* l dte concave surface of a circular , gothic , or elliptical 
vaulted roof. 

Rule. — Multiply the length of the arch by the length of the 
vault for the required surface. 

Not*. The length ol the arcli, tor most practical purposes, is found by ap- 
plying a small chord along its concavity, and then im-asunng it* length. 

EXAMPLE. 

What is the concave surface of Caerfylly bridge, over the 
Taafe; which is a segment of a circle, .-pan 1 40, height 35, 
and width 12 feet ? Ans. 1944*4 square feet. 

To jind the content of a circular , gothic , or elliptical roof. 

Rule. — M ultiply the area of the end by the length of the 
roof for the content of the vacuity. 

To find the solid content of the materials. 

From the solid content of the whole arch take that of the 
vacuity for the solid content of the materials. 

EXAMPLE. 

Required the solidity of the vacuity and of the materials of a 
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circular vault ; span 36 feet, height 1 8 feet, thickness of walls 
at the spring 6 feet, thickness of crown 4 feet, and length of 
the vault 100 feet ? 

4ns ) l^^’OG cubic yards solidity of vacuity. 

I 2026*15 cubic yards solidity of materials. 

To find the surface and solidity of a dome , the height and 
dimensions of the base being given. 

II i lk. — Take twice tin* area for the surface, and multiply 
the area of the base by J of the height. 

Note. Although tbr-M* rules an* only true when the dome* are hemispherical, 
yet they are suflicicntiy near the truth fur all practical }>ur|>OM!a. 

EXAMPLE. 

Required the surface and solidity of a hemispherical dome, 
the diameter of its base being 60 feet. 

I f Surface .314*16 square yards. 

HS ’ ( Solidity 2004*4 cubic yards. 

Note 1. Tin- surface of a saloon i.s found in tin* same manner as a vaulted roof. 

Note 2. Rules might lia\e hern here iriwn fertile iiieaMireiueiit of haystacks, 
coal-heaps . ; hut tin -**- max he readily rc*il\«*d into two or more of those 
solids the methods of finding the content of which are gue» in the Mensuration 
of Solids, Purt IV. Moreover, lunotaiks are usually sold hy weight, and sel- 
dom or never hv measurement. 


SPECIFIC’ GRAVITY. 

The specific gravity <»f bodies are their weights when com- 
pared with an equal bulk of pun* water, w bit h, at the temjHi- 
rature of 40 ', weighs 1000 ounct*s a\oirdupoi-< per cubic foot. 
The following tabic, therefore, contains the weights of a cubic 
foot of several bodies in ounces. 


A TABLE <>F THE S!*K» II’IC OltWITV Ol P.OU1KA, 
Platinum - - - - 2147<> Light earth - - - - Pi84 

Gold- - - P.* 2 M» Stla! C.unjwiwder - - 1745 

Meirury - - - - 13600 Sand 1520 

Lead 11325 , <5,al - fr-m P>30 to 1300 

Silver 10470 > Pitrli 1150 

Copper SM n hi j Box -wood .... |oao 

Caat brass .... £400 S-a-vral'r - - • - 1030 

Steel 7S50 t Common water - • - )ooo 

Iron .... 77 o 4 Mahogany .... ]065 

Cast Iron .... 7 or, 5 ; Oak - !»25 

Tin 7320 ; Ash 755 

Granite .... 9950 IWrh 7u0 

Flint Glass .... 3000 J Klin 600 

Marble 27«H) . Kir 540 

Freestone - - - - 2520 Cork ...... 240 

Clay 2160 Air 1 j 

Brick ... . 2000 
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LAND SURVEYING. 


To find the weight of a body from its bulk . 

Rule.— Multiply the content of the body, in cubic feet, by 
its tabular specific gravity for its weight in avoirdupois ounces. 

examples. 

1. Required the weight of a block of marble, whose length is 
63 feet, and breadth and thickness each 12 feet, being the 
dimensions of one of the stones in the wulls of Ilalbeck. 

^i6'x4r^x2() <K) = 683 A tons ’ which is e, l ual to the 

burden of a second rate East India ship. 

2. What is the weight of n block of dry oak, which mea- 
sures 10 feet long, anil 3 feet by 2 » ? A ns. 4336 lb. nearly. 

To find the magnitude of a body from its weight. 

Rule. — Divide its weight in avoirdu|w>is ounces by it tabular 
specific gravity for its content in cubic feet. 


EXAMPLES. 

1. Required the content of an irregular block of freestone, 
which weighs 1 cwt. 

112 x 16 .. r . 

' *-,20 = cub,c fect ’ 


and 


112 x 16 x 172N 
2320 


= 1228*8 cubic inches. 


2. How many cubic fect are there in a ton of dry oak ? 

A ns. 38} JJ cubic feet. 

3. A cast iron pipe is 6 inches diameter in the lsirc and 1 
inch in thickness ; required the weight of a running foot. 

A ns. 67*45 tits. 


LAND SURVEYING. 

Description of Instruments used for Measuring and 
Planning Surveys. 

THE CHAIN. 

Tiie chain, usually called Gunters chain, is almost generally 
used in the British dominions, for measuring the distances re- 
quired in a survey. It is 66 feet, or 4 j>oles, in length, and is 
divided into 100 links, which are joined by rings. The length 
of each link, together with half the rings connecting it with the 
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66 66 X V> 

adjoining links, is consequently— of a foot, or - = 7*92 


inches. At every tenth link ffom each end is attached a piece 
of brass with notches ; that at the tenth link has one notch, 
that at the 20tli two notches, that at the 30th three, that at the 
40th four, the middle of the chain, or the oOth link being 
marked with a large round piece of brass; hence, any distance 
on the chain may be readily counted. Part of the first link, at 
each end, is formed into a lurge ring for the puqxjse of holding 
it with the hand. 

Tin 1 chain acquires extension by much use, it should, there- 
fore, lie frequently examined, and adjusted to the proper length 
by taking out some of the rings between the links: for this 
purpose, chains having three rings between each link arc* to 
1m- preferred to those having only two. 


THE OFFSET STAFI . 

The offset staff is used to measure short distances, called 
offsets; hence its name. It is usually ten links in length, the 
link- being numbered thereon with the figs. 1. 2, 3, &c. It is 
usually pointed with iron at one end, for the purpose of fixing 
it in the ground, us an object for runging lines, for marking 
stations. Jtee. 

Tin. < uo*>. 

The cro-s i- an in-trunicht used by surveyor* to erect per- 
|HXidicular>. It i.- u-unlh a round piece of sycamore, l#ox, or 
mahogany, about four indie* in diameter, with two folding 
sight- at right angle- to each other, or more commonly with 
two fine groo\e- -awed at right angle* to each other, which 
answer the purpose of ,-iglit*. It is sometime* fixed on a staff 
of convenient length for u*e, jxdnted with iron at the l»ottom, 
that it may Ik* fixed firmly in the ground: hut it is found more 
eommodiou- in practice to have a small pocket ere is*, which may 
be readily fitted to the offset -staff, either by an iron spike on 
the cross being inserted in a bole made in the offset -staff*, or the 
offset-staff lwing passed through a hole made in the cross, to 
about the eighth link from the piked end, at which place the 
staff must Ik* shouldered, that the cross may rest firmly. 

% 

IURF.CTIONS FOR MEASURING LINES ON THE GROCXU. 

Besides the instruments already described, ten arrows must 
be provided, nUait 1 2 inches long, pointed at the end, so as to 
be readily pressed into the ground, and turned at the other end, 
so as to form a ring to serve for a handle. 
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MEASURING LINES ON THE GROUND. 


In using the chain, marks are to be set up at the extremities 
of the line to be measured, as well as at its intermediate points, 
if its extremities cannot be soon 1 from one another, on account 
of hills, woods, hedges, or other obstructions. Two persons 
are then required by the surveyor to perform the measurement 
The chain leader sturts w'itli the ten arrows in his left hand, 
and one end of the chain in his right ; while* the follower re- 
mains at the starting {mint, who, looking at the staffer staves, 
that mark the line to be measured, directs the leader to extend 
the chain in the direction of the staff or staves. The leader 
then puts down one of his arrows, and proceeds a second chain's 
length in the same direction, while the follower comes up to the 
arrow first put down. A second arrow being now put down 
by the leader, the first is taken up by tin* follower ; and the 
same operation is repeated till the leader has expended all his 
arrows. Ten chains, or 1<KK) links. Inning now U*en measured 
and noted iti the Held hook, the follower returns the ten arrows 
to the leader, and the same operation is repeated as often ns 
necessary. When the leader arrives at the end of the line, 
the numltcr of arrows in the follower's hand shews the number 
of chains measured since the last exchange of ar- 
rows noted in the Held book, and the number of 7(K)0 

links extending from the last arrow to the mark or 600 

staff at the extremity of the line, Iwing also added, 83 

gives the entire measurement of the line. Thus if 

the arrows have been exchanged seven times, and 7683 
if the follower have six arrows, and from the arrow last put 
down to the end of the line he 83 links, the whole measurement 
will Ik* 7683 links, or 76 chains S3 links, which is usually 
written thus — 76*83 chains, the two last figures being decimals 
of a chain. 

In using the chain, care must he taken to stretch it always 
with the same tension, as it will extend bv much use, and will 
therefore require to be examined occasionally, and shortened, 
if necessary. Hut a good chain may U* used several days on 
tolerably smooth ground, without any material extension. 

The surveyor must mark, or caused to Ik* marked, every 
station on the line, while it is In ing measured, with a staff* or 
cross on the ground, entering its distance in the field l>ook. 

When a survey is made for a finished plan, all remarkable 
objects should be noted down ; as buildings, roads, rivers, ponds, 
footpaths, gates, ike. 

Tho boundary of the estate measured ought to be carefully 
observed. If the ditch be outside the boundary fence, it usually 
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belongs to the estate, and t'ice versa ; although this is not uni- 
formly the case ; therefore, inquiry ought to be made with re- 
spect to the real boundary. 

In some places five links from the hedge-posts or roots of the 
quiekwood are allowed for the breadth of the ditch, but this 
breadth varies to ns far as even ten links, especially in swampy 
countries. 

All ditches and fences must be measured with the fields to 
which they belong, when the full quantity on the plan is re- 
quired : but when the growing crops only are to be measured, 
only so much as is occupied by the crops. 


INSTRUMENTS FOR LaYINO DoWN OK PLOTTING SURVEYS. 

Tilt: COMMON DRAWING COMPASSES. 

This instrument consists of two legs moveable about a joint 
so that the points at the extremities of the leg'* may be set at 
any required distance from one another: it is used to transfer 
and measure distanci and to deserilK* arc* and circles. 

N<>rK. 'Him* an* st-M-ral other hunts of f-iimpaftacs unfit for planning ; aa 
thosr wit ii nio\r.iMi' tor the intrixiurt tun of Mark !<‘u<l pfiiciU or ink 

]M>iutrs hvam e.uujMs'K-H i<*r taking lar^<* detumvH, |iM|ioiti<uial r<>m panne*, Ac., 
tin* u-«- of which arc easily h*arn«sl. (Sec iltathf r* TrtuUsr on M athrmatical 
luitrumenU.) 

PLOTTING SCALES. 

Plotting scale 4 *, also tailed feather-edged scales, are straight 
rulers, usually about 12 inches long. Each ruler bus scales of 
equal parts, decimally divided, placed on its edges, which arc 
made sloping, so that the extremities of tin* strokes marking 
the division- lie close to the pafier. The primary divisions re- 
present chains, and tin* subdi\ isious ten links each, the inter- 
mediate links lieing detertuine<l by the eye. Plotting scale* 
may lie priK*un*tl in sets, each with a different number of 
chains to the inch. They are usually made of ivory or box, 
and each provided with a small scale called an offset scale for 
laying down the offsets. In using these scales, the first divi- 
sion or zero, on the plotting scale, is placed coincident with the 
beginning of the line to be plotted, ami so as just to touch that 
line with the feather-edge : the end of the offset scale is then 
placed in contact with the edge of the plotting scale; and thus 
the offsets may be ex|>cditiously pricked off: for which purpoM 
an instrument called a pricker is used, but a hard black lead 
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pencil, with a fine point, is greatly to be preferred, as it docs 
not injure the paper. 

The vernier scale and protractor, the uses of which will be 
readily understood, are best adapted to laying down extensive 
surveys, where great accuracy is required. 

PLANNING SURVEY’S. 

Iii planning or plotting surveys, the upper part of the paper 
or book, on which the plan is made, should always, if jiossible, 
lie the north. The chain lines, buildings, fences, &c., ought 
first to lie drawn with u line black lead pencil : the first should 
then bo dotted w ith ink, and the latter neatly drawn. Great 
can; is required in the eonstruetion of the plan, when the di- 
mensions are to he measured therefrom with the* scale. The 
scab* should never he more than three chains to an inch, for 
when tin* parts of a plan arc large, the dimensions may be 
taken with greater uccurucv. After having found the con- 
tent of the lield or fields, Ksc., of which any plan consists, it 
may he laid down by any scale to give it a more convenient 
size. 

THE FIELD HOOK. 

The method now generally adopted in sotting down field 
notes, und which has long l»een found to he the best in 
practice, is to begin at the bottom of the paire and write 
upwards. 

Eucli page of the hook is usually divided into three columns. 
The middle column is for distances meftMired on the chain line, 
at which hedges urc crossed, or offsets, stations, or other marks 
are made; and in the right and left columns, those offsets, 
marks, and any other necessary observations thereon, must be 
entered, accordingly as they are situated on the right or left of 
the chain-line. 

The crossing of roads, rivers, hedges, &o., are. by some sur- 
veyors, shewn in the field book, by lines drawn across the mid- 
dle column at the distances where they are crossed, and by 
others these crossings are shewn by lines drawm on part of the 
right and left hand columns, opposite the distances where they 
ore crossed by the chain line ; and buildings, turns of fences, 
corners of fields, to which offsets arc taken, art* usually shewn 
by lines sketched in a similar situation to the middle column, 
os the fences, buildings, &c. t have to the chain line. Thus a re- 
presentation of the chief objects in the survey may be sketched 
in the field, which will give essential assistance in laying down 
the plan. The stations are usually numbered, for the sake 
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of reference, and marked thus ©. The bearing of the first 
main line is usually taken by surveyors, from which the posi- 
tion of the plan with respect to the north is determined. This 
may be done by a common pocket compfes, where great accuracy 
is not required. 

R. of © 2, and L. of © 5, &c\, denote that the following 
lines are measured to the right of station 2, and to the left of 
station 5, respectively. 


To Survey with the Ciiain ani> Cross. 


An acre of land is equal to 10 square chains, that is 10 
chains in length and one in breadth, or 1000 links in length 
und 100 in breadth; an acre, therefore, contains 100,000 squure 
links, as per table of square measure Mow. Ilence the con- 
tents in square links are, in the following examples, divided by 
100, OCX), or what is the same thing 5 figures to the right are 
cut off for decimals, the figures remaining on the left being 
acres. The decimals are then multiplied by 4 for rods, and 
again by 40 for poles. 

The following tables exhibit the number of chains and links 
in the different units of lineal measure, and the number of 
square chains and links in the different units of squure mea- 
sure. 


A TABLE OF LINEAR MEASURE. 


Link*. 

Feet. 

1 Yards. 

Pole*. 




25 

j >6} 

1 

M ; 

I 





I i 

i 

Chains. 


loo 

! 66 

| 22 

4 

1 








Furlong*. * 

1,000 

660 

> 220 

40 

> 10 

i 

1 

1 

8,000 

5,280 

! 1,760 

320 

80 

! 

H 1 


A TABLE OF SQI AKE MEASLKK. 


Sq. Links. 

&,.F«t 



625 

2721 

i 

301 

1 

Sq.Ch*. 



10,000 

4,356 

484 

16 

1 f 

Rods. 


25,000 

10,890 | 

MtO 

i 

40 

n 

1 

Acre*. 

1004)00 

43,560 5 

4,840 \ 

160 

10 

r 

4 j 

1 

64,0004)00 2,787,400 34)97,600 

102/100 

6,400 2,560 j 

640 


5 



98 


LAND SURVEYING 


Problem I. 

TRIANGULAR FIELDS. 

1. Lot ABC be ft triangle, of which the* survey, plan, and 
content are required. 

Set up [Kilos or marks at the angles A, B, and C, and mea- 
sure from A towards B, and when at or near I), try with the 
cross for the place of the ]>cr}>endicular C I) ; plant the cross, 

uml turn it till the marks A 
and B ran be seen through 
one of the groo* es; then look 
through the other groove, 
and, if the mark at C can 
hr seen through it, the cross 
is in the right place for the 
perpendicular; if not, move 
the cross backward or for- 
ward till the three marks can In* seen as before directed. Sup- 
jK»Mf the distance AD to he 625 links, ami the whole AH, to 
is* 1257 links; return to D, and measure the [>erpeiKlicular 
DC, which supjKjse to Ik* 628 links, thus completing the 
survey of the triangle. 

CONSTRUCTION. 

From a scale of equal ports, or plotting scale, lav off the 
base A 11 = 1257 links; on which take A 1> = (>25 links; at 
1) erect the per[M*ndirular DC, which make = (528 links; join 
AC, C 11, then A 11C is the plan of the triangle. 

TO FIND THE CONTENT. 

Bulk. — Multiply the base by the perpendicular, and half the 
product will be the area. 

EXAMPLES. 

1. The dimensions being the same as found above, required 
the content 

Am. 1257 X 628 -r 2 = 3*94698 acres = 3 a. 3r. 32p. 

2. The distance from the beginning of the base to the place 
of the perpendicular is 375 links, the whole base 954, and the 
perpendicular 246 ; what is the area of the triangle. 

954 x 246 ? 2 = 1*17342 = la. Or. 27 }p the content 

3. Measuring the base of a triangle the place of the perpen- 
dicular was found at 863 links, and its length 645 ; the whole 
base was 1434 links ; required the plan and area. 

Area. 4a. 2r. 2Cjp. 


c 




WITH THE CHAIN AND CROSS. 


99 


Problem 11. 

FIELDS IN THE FORM OF TUAI'EZIUMS. 

Fields in this form arc usually divided into two triangles by 
a diagonal, which is a base to both the triangles. 

Let AliCI) be a field in the form of a trapezium, the plan 
and area of which is required. 

Measure from A towards C ; and let the place of the por|>eit- 
diculur m it he at .Vo2, and it* length 3*76, also let the place of 
the [K*r|K‘ndicular n D be at 1 1*82, and its length 3*44, utid the 
length of the whole diagonal A C be 13*91 chains, which com- 
pletes the survey: but it is usual also to measure the other dia- 
gonal H 1) lor a proof line, which is found to Ik* 9*. r >(> chains. 

Note 1. The construction of no h of tlic two triangle*, forming the traj>ejtmin. 
in the (uuuc on the ruction pveit to the first example in I'roh. I. 

NoTK2. The longer of the two diagonal* mhould alwnvH he Relerted for tin* 
1*aae of the two tn.tn.rtai forming the tra|K/ium, for «omeliiuei< the perpendicular 
will not fall on tin shorter diagonal, without ita bring prolongs! ; ami when 
tht* i* the cA.w with U»th diagonals one of the aide* nniv he taken for a hant. or 
two of the rndea, it ru*ccN**an . 

TO FIND THE CONTENT. 

Hi I.E. — Multiply the sum of the two perpendiculars by the 
diogonul, and half the product will Ik* the content. 

I. \ AM1M.ES. 

1. Let the measurement of a trapezium be as above found : 
required the content. 

344 

37(i 



4 

0*03040 

40 


1*21600 


Art*. 5a. Or. Ip. 
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2. From the following notes, plan and find the content of a 
field. 

Perpendiculars Base or Perpendiculars 

on left. Station Line. on right 

to © C 

3250 

2504 1046 I) 

B 1278 1272 

Begin at © A and range West. 

Content. 37a. 3 r. 2p. 

3. Give the plan and area of a field from the following notes. 

A C 
S72 

B 652 731 

4-3 545 C 

Begin at © A and range Last. 

Area. 6a, Or. 3 6p. 

ANOTHER METHOD. 

A four-sided field may frequently lx* surveyed by dividing it 
into two triangles and a trapezoid, by perpendiculars on its 
longest side. 

TO FIND THE CONTENT. 

Kn.F.. — Multiply the sum of the two pcr|H?ndiculars by their 
distance on the base line for the double urea. The double areas 
of the two triangles must be found as in Prob. 1., and both be 
added to the double area of the tnqiezoid ; the sum being 
divided by 2, will give the content required. 

EXAMINES. 

1. Required the survey and area of the following field. 

Measure the base A B, and put down in the field book the 
distances of P and Q, where the perpendiculars rise, &c., as 
follows 
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qp=59:> 

PC=352 

Perpcn. 

to © I>. 
AB=lllO 
AQ= 745 
ap= no 

From 0 A gv E. 

Triangle ACP 

Triangle QDB 

3.1 2 

5»5 

110 

352 

3872U 

9975 


3570 


1785 


217175 


Trapezoid P C D Q 


947 sum. 
365 = PQ 



412862 


1 *1 44S 
40 


Area. 4//. 1 r. 5j/i. .V 7920 

2. Required the plans und areas of two fields from the fol- 
lowing notes. 


A H 



A l\ 

1169 



144 H 

61 o 

339 I) 

D .513 

1102 

234 

461 K 

C 6H3 

436 

0 A go 

W. 

From 

O A 


Pnom . em 111. 


TO SSmVKY FIELDS CONTAINED ItT MOKE THAN HH It HIDES. 

Fields or plots of ground lxmndcd by more* than four sides, 
may be surveyed by dividing them into tra}H*ziums und tri- 
angles. — Thus, a field of five sides may be divided into u trape- 
peziuiu and a triangle ; of six sides, into two trapezium* ; of 
seven sides into two trapeziums and a triangle ; &c. 

TO FIND THE CONTEXT. 

Rile. — R y the two last Problems, find the double areas of 
each trapezium and triangle in the field ; add all the double 
areas together, and half their sum will be the content. 

EXAMPLES. 

1. Lay down a field and find its area from the following 
dimensions. 




102 


LAND SURVEYING 



CONSTRICTION. 

Tin* above field is divided into two trapeziums A BCG 
GDF. F and tlu* triangle G C IX Draw the diagonal AC 
which muke as 550 links; at 135 and 410 set oil' the peq>endi- 
nilars m ( ■ rr 130. and »B = ISO links respectively ; join AB 
B(\ CO. and (• A, and the first trapezium will he completed 
Then <»n CG, lay off C <y = 152, and dmw the perpendicuhu 
i/I) = 2110; join CD, L)G, and the triangle is completed 
lastly, with centre G and radius «G =: 120 describe an fire 
and with centre I) and radius ol) = 314 (zr 520 — 206) des- 
criU* another are, intersecting the former in o: through o drav 
the dingoim! 1)F = 520 links, ujK)n which, at 288 links, drav 
the jH'rpendicular ^>K ; join 1)E, EF, FG, and the figure wil 
1 m» completed. 


130 

440 

120 

Double arras. 

180 

230 

80 

170500 trap. AB C G 

— 

— 

— 

1012(H) tri. CDG 

310 

13200 

200 

104000 trap. 1) E FG 

550 

880 

520 





•> » 3.7.1700 

15500 

101200 

104000 

« j u t t vW 

1550 



1-87850— lo. 3r. 20}p 


170500 
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2. Required the plan and areas of two fields from the fol- 
lowing dimensions. 

First Field. Second Field. 

, to 0 A | 

, 504 Base. 

E 9S i 233 

Return * to © B , E 290 

: to © i) | 

j G7 3 Diag. 

V 207 | 472 

i 427 2GS B C 1G1 

Begin at 0 A range W. 

Begin 

Area. la. 3 r. 1 5 /j. 

Area. 4//. Or. 9,}/i. 

ANOTHER .METHOD. 

A small piece of land, having several sides, may somethin- 
he most conveniently measured by taking one diagonal, un< 
upon it erecting perpendiculars to all the ungles on each side «» 
it. The piece will thus he divided into right angled triunglci 
and trapezoids the areas of which must he calculated as in tin 
two last Problems. 

EXAMPLES. 

1. Required the plan and area of a field from the follow inp 
notes. 

• 

to 0 (J 
1020 

F 470 890 / 

c G10 .30 E 

I) 320 5S5 d 

C 70 440 i r 

b 315 ! 350 B 

Begin at 0 A go E. 


Non. The method of planning the aliove field is sufficiently clear, front tt» 
{needing field-notes and from what has lieen already done. 



to 0 F 
970 
520 
413 

R.uf © D 

Dine, 
lsl B 

to 0 I) 


744 

I)iug. 

38f> 


303 

333 B 

at © A 

range W 
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Triangle ACc. Tripe. C c d D. 
Ac = 440 :Dd = 320 
Ccr 70C c = 70 

Trape. Dd/F.| 

Dd = 320 
F / = 470 

TrL F/G. TH. A&B. 

\f G = 130 Ab = 315 
F / = 470 BA = 350 

30800 sum = 790 
.cd = 14/5 

sum = 790 
cf = 395 

9100 15750 

52 | 1545 


130.30 

435 

3950 

2370 

611001 170250 

i 

I 


56550 

2409.30; 

I 


Double areas. 
30800 

Trapezoid B b r E.i Triangle E r G. 66350 


B b 

— 350 

Gr= 410 

240950 

Ei? 

= 50 

Ef= 50 

61100 

170250 

sum 

= 400 | 

20.3(H) 

1 1 8000 

b V 

=295 i 


20500 


118000 | | 2)698150 

3*49075 


= 3<i. Ir. 38 ‘p. Area. 

PltollLEM IV. 

FIELDS INCLUDED UT ANY M lfllKR OF CROOKED OR CURVED 
SIDES. 

When a field or estate is bounded by crooked fences, a line 
must be measured as near to each of them, as the angles a f 
bends will permit ; in doing which an offset must be taken to 
each corner or bend in the fence. The offsets or perpen- 
diculars thus erected, will divide the whole offset space into 
right angled triangles ami trapezoids tin* areas of which may be 
found as already shewn. 

Nora 1. When the offsets are short, that is not greatly exceeding a chain 
in length, their placet on the lino may be found by laying the offset-staff at 
right angle# to the chain, as nearly as can t* judged by the eye ; but when the 
offsets are large, and correctness is required, their {dace# must be found by the 
croat, and measured by the chain. 

Nora 2. The quickest method of laying down offsets is by laying the 
feather-edge of the plotting scale against the base or chain line, and sliding the 
offset seals along the feather-edge to the several distances of the offsets, and 
pricking off their lengths corresponding to their several distan ces 
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Not* 3. Unskilful surveyors usually add all the offsets taken on one line 
together and divide the sum by their number for a mean breadth ; but this 
method is very erroneous especially where the offsets vary greatly in length, end 
should therefore be avoided where great accuracy is required. 

EXAMPLES. 

1. Required the plan and content of a right-lined piece of 
ground by offsets, from the following notes. 


1 

o 

to © 11 

9."> j 

6 

ZC 


n 91 

4 *»> 1 

1 * 

A c 

fi c f tj k l! 

»n 57 

634 

9 



/ 85 

510 

f 



k 70 j 

340 

! r 



tS4 1 

220 

tl 



A 62 5 

45 

c 



a | 

00 




Jiegin 

at © A 

range 

i:. 


Ar = 

45 r A 

as 62 

d i = *4 

e fi — 70 / — SK 

r A zz 

62 i/i 

= S4 

r k as 70 i 

/’ / as KS y m as 57 


90 

1 40 

151 

15* ; 1 15 

2 

70 | cd 

— 175 

ft. 

II 

iS 

< / 170, / y/ =r 1 24 

2 

790 

730 

15400 

11060 5M» 


1 

1022 ! 

| 1 

155 290 


1 

l 

146 ] 


1 15 


! 


1 

265(>0 



25550 


179*0 





Double areas. 

if m 

— 57 

A 1) : 

= 170 

2790 


An = til 
14 5 

yh = 151 

145 

740 

145 


A n = 9 1 

170 

1530 

15470 


22345 


25550 
J 5450 
20*60 
1 7950 
22345 
15*70 


2) 1*29478 


0*64739 = Oo. 2r. 23^. 

5* 
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Calculation by the erroneous method (See Note 3). 


00 

955 

= AB. 

62 

56* 

= mean breadth. 

84 

— 


70 

5730 


88 

4775 


57 

477 


91 



Of) 

^0*53957 

sb Oa. 2r. Gp. Content by this method, 



which is 17 perches too little. For 

8)4.12 


this method is always erroneous ex- 

— 


cept when the offsets stand at equal 

.161 


distances from one another, and when 


the first and last offsets are both 0. 

Some omit nil the offsets that are (), dividing the sum of the 
offsets liy the number of real offsets; by this method we shall 
have 


6)4.12 95.1 



477.1 

6685 

318 


0*71947 = Ow. 2. 34//., which is 11 poles 
too much. 

2. To lay down a crooked piece of land, adjoining a river 
from the following notes. 



74 100 

0 000 [E. 

Begin at 0 A range 

The content is found by the same method as in the preced- 
ing example. 
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3. Plan and find the area of a field from the subjoined notes. 



Having found the area of the triangle ABC, the areas of the 
offsets on the line B C must be added thereto, ami the sun) of 
the areas of the inset* on the line C A must be subtracted from 
the sum, and the remainder will be the content of the field. 

Note. The area of the triangle A II C may l»e found, when the measurement 
of all three rides are given, (which is the case in the present example,) either 
by calculation, as shall hereafter lx* shewn, or by measuring the perpendicular 
from the plan, which, as already shewn, may he laid down from the three stdes 
of the main triangle. — The areas of fields, having a great number of crooked 
and curved fences, are found by the method given in the last Example, page 51. 


Problem V. 

TO MEASURE A LINE ACROSS A WIDE RIVER. 


Let the annexed figure be a river, which 
is required to be crossed by the chain line 
PB. Fix, or cause to be fixed, a pole or 
mark at B, at or near the margin of the 
river, in the line to be measured ; erect 
the perpendicular A D, measuring A C 
and C D of any equal lengths ; at D erect 
the perpendicular DE ; on arriving at E, 
in the direction B C, the distance D E 
will be equal to AB, the required breadth 
of the river. 
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From the arrangement of the lines in the figure, it is erident 
that the triangles C A B, C D E are equiangular, and since AC 
was made = CD, the triangles are equal in all respects, and 
consequently A B = D E. 

Note 1. For various other methods of measuring obstructed lines, under dif- 
ferent circumstances, see Baker's Land awl Engineering Surveying, Chap. III. 

Note 2. A sufficient detail of methods of surveying by the help of the cron. 
which, though not much uwkI by experienced surveyors, is a simple instrument, 
and its use readily understood l»v students. This method is, therefore, a proper 
introduction to the higher branches of surveying ; besides, in rural districts, 
villages, Ac., few surveyors use the mure expensive instrument, the chain and 
cross being found quite sufficient to measure the quantities of growing crops, 
and other such small surveys as may be there required. 


LAND SURVEYING HY THE CHAIN ONLY. 

This method of surveying has long Wn adopted by experi- 
enced surveyors, who have found it, in general, more accurate 
and expeditious, as well as lmttcr adapted to laying down ex- 
tensive surveys especially when: no serious obstructions from 
woodlands, water, buildings, &<■., exist ; the use of the cross, in 
this method, being entirely excluded by son.e surveyors, and 
by others only used for secondary purposes, as for taking oc- 
casionally long offsets, or for squaring of lines obstructed by 
buildings, water, &e. Instead of the cross some use the optical 
square for these purposes ; while some erect pcrjwudiculurs 
with the chain only. See ('hap. III., Bakers Land and fin- 
*/ interim; Surveyin //. 


I’iioulkm I. 

TUlAMil l.AR FIELDS. 

When a triangular field, or piece of ground in that shaja*, i* 
to be surveyed, set up judes or marks at each corner, and mea- 
sure each side, leaving marks in at least two of the lines and 
entering their distances in the field book ; then measure the 
distance between the two marks for a proof line: — or. one 
mark ouly may l»o left in one of the lines, which may be cou- 
nocted with its opposite angle for a proof line. 

EXAMPLES. 

1. Required the construction and area of a field from the fol- 
lowing dimensions. 
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l*roof 

From 


O n 


to © n 
384 
O » 


to 0 A 
1244 
TOO 
L O C 


line. 


C 



8.T2 I 

l g in 

to 0 H I 
1338 

1000 I 

0 hi 600 j 
From 0 A range K. 


When the triangle A 1)C iff 
roust meted, the proof line m tt 
will Ik* found to measure 384 
links, shewing that there has 
been no error in the work : 
also the perpendicular Cl) will 
1 m* found to Ik* 770 links ; 
whence the area of the triangle 
= 1338 x 770 -r 2 = 3-15130 
= Chi. Or. 2 4/>. the urea. 


Notk. If tlu* proof line measured from the plan, cI«hv% not exnUlv, *»r very 
nearly, agree with that measured in the field, some « rmr has limn made, and 
the work must be related. 


TO UNO THE AREA Ot A TItlANOM. t ROM THE THREE SIDES. 


liri.E. — From half the sum of the three sides suhtraet each 
side severally and reserve the three remainders; multiply the 
half sum continually by the three remainders, and the square 
root of the product will be the area. 


Notk. My this rule th«* area of a triangle may Ik- luund without laying it 
down, »r finding the (H.-rpendieuUr. 

Adopting the preceding example, we have hy the rule, 


1338 4- 852 4- 1244 
~> 


= 1717 = half sum of the three hides. 


Then 1717 — 1338 = 37i) = 1st remainder ; 1717 — 852 = 
865 = 2nd remainder; 1717 — 1244 = 473 = 3rd remainder; 
whence x 370 x 865 x 473;= 5*15022 = Cm. Or. 24//. 

the sum as the area already found by measuring the perpendi- 
cular from the plan. 

Note. THU method of finding the areas of triangle* i« very little used in 
practice, «m account of it* requiring a tedious calculation, which may, however, 
b« more rcadilt performed hy logarithms. 

2. It is required to lay down a survey and find its content 
from the following field notes. 
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0 

74 

351 to© 
137 
90 
144 
30 
110 
0 


0 
90 
152 
1 12 

50 

go N. E. 

Having drawn the figure, the proof line rn n will be found 
to measure 351 links, as in the field notes; and the perpendi- 
cular B b to be 1056 links. 

Double areas. 

2644224 Triangle ABC 
655676 Offset s on A B and A C 

3299900 Sum 
200616 Insets on B C 

2)3099284 Difference 

15*49642 3 15a. 2 r. Op. nearly, the area required. 
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Problem II. 

FOUR SIDED FIELDS. 

When a field has four sides, straight or crooked, measure the 
four sides, or lines near them, if crooked, taking the offsets : 
also measure one or both the diagonals, one of which will serve 
as a base in plotting the work, and the other for a proof-line ; 
or the proof-line may be measured in any other direction that 
may be most convenient. 

Sometimes the measurement of both the diagonals is pre- 
vented by obstructions, in such cases it will be sufiicicnt to 
measure tie-lines across two of the angles of the traittzium, at 
the distance of from two to five chains from each angle, ac- 
cording to the size of the field. These tie lines with their dis- 
tances from the angles on the main lines will be found sufficient 
for planning the lines and proving them. 

EXAMPLE. 

In the annexed figure the 
lines A 11, B C, C I), I) A are 
measured, marks being left at p 9 
q 9 and r, and their respective 
distances on the lines noted in 
the field book, thus furnishing 
the following method of laying 
down the plan. 

On A B, os a haws take A p 
ss given distance, and with the 
distances A r, p r, and centres 
A and p describe arcs cutting in 
r ; then prolong A r, and lay off 
thereon the given length A I). 

In the same manner construct 
the triangle p By, and make B C = its given length. Lastly, 
join D C, which must be of the length shewn in the field book, 
otherwise there has been some mistake cither in the measure- 
ment, or in laying it down. Should this be the case, the whole 
of the work, firstly on the plan, and secondly in the field, must 
be gone over again till the error be discovered. 

Problem III. 

FIELD9 HAVING MORE TUAN FOUR SIDES. 

Various methods will suggest themselves to the surveyor for 
taking lines to lay down a field that requires more than four 
main lines to take its boundary. The method of dividing such 
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fields into trapeziums and triangles is, in most cases, circuitous, 
and displays little skill on the part of the surveyor, especially 
where all the sides are crooked, and where a plan is required. 
A few methods of surveying fields of this kind will, therefore, 
be presented to direct the student ; although their variety of 
shape is so endless, that no general rule can be given for laying 
out lines on the ground, that shall give an incontestably accu- 
rate plan. To tie every angle in succession, though true in 
principle, is by no means a safe method, especially where there 
are a great number of angles to be tied, as an error in one of 
the tie-lines will derange the whole of the work, without afford- 
ing the means of detecting where the error lies. 

Noth. The following example of survey* of thia kind occurred in part of 
the author's extenxive practice, ax a surveyor of |mriahex under the Tithe* 
Commiiuion*. The ntudcnt ix recommended to nketch the following sjiccimeni 
on a large sonic, and And their content* by the usual methods. 

EXAMPLE. 

Here a field of five 
sides is surveyed by 
the same number of 
lines, viz. A B. B C, 
C I), Dm, and A /i, the 
last two intersecting 
in E. These lines 
evidently constitute a 
decisive proof among 
themselves, and all of 
them are available in 
taking the boundary. 

In surveying this field (poles or natural marks being sup- 
posed to be fixed at A, B, C, 1), and E) commence close to the 
rivers edge, in the line A B prolonged backwards, enter the 
offsets and the station A in the field-book. On arriving at © m, 
in the direction E 1), enter its distance, and so on to 0 B. mea- 
suriug the line to the fence ; from B proceed to C\ in like man- 
ner, measuring beyond the stution to the fence. The place of 
the 0 n is to be noted, on arriving in the direction E A, while 
measuring CD. Dm is next measured, the place of the 0 E 
being noted. Lastly, go from m to A, and measure A «, enter- 
ing the place of the 0 E a second time, all the offsets being 
supposed to be taken during the oj>e ration. 

Construction of the plan. Select the distances Am, AE, and 
E m from the fidd-book, and with them construct the triangle 
A m E, prolong the sides to their entire lengths, up to the 
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boundaries, and fix the places of the stations B, n, and D. 
Now, if the measured length of D n just fit between D and *, 
the work is right with respect to the triangles A Em, E 1) n. 
Lastly, prolong D n to the © C, and, if the distance from thence 
to the © B be the same as shewn by the field book, the whole 
of the work is right. But, if the distance I) u do not agree, 
the work must be examined from the beginning ; if only the 
distance B C fail, then only that distance and the ]>ortions m B, 
C n need be examined. 

Noth. For a variety of other methods of surveying irregular field*, small 
estates, Ac., Stc., see BaJccr 9 Land and Engineering Surveying^ Chap. III. 

Problem IV. 

SURVEYING LARGE ESTATES OR PARISHES »Y THE CHAIN ONLY. 

Having perambulated the boundary of the estate, parish, or 
lordship to be surveyed, if you find that its boundary approaches 
somewhat near to tliat of a four-sided figure, or trapezium, the 
system of fundamental lines, adopted by order of the Tithe 
Commissioners of England and Wales, is to be preferred. 
These fundamental lines are six in number, of which four must 
run close by, or as nearly as possible to, the boundary in 
question, thus forming a trajiezimn, four lofty station |>olc8 
being placed at each angle, as objects for running the lines ; 
the other two lines must form the diagonals of this trai>eziuin, 
and therefore pass through the central parts of the survey, 
intersecting each other, the jxiints of intersection being noted 
on measuring each line, so that when the system of lines are 
laid down on the plan, the proof of the accuracy of the work 
may be fully established, before the minor operations, or filling 
up, as it is called, is commenced. It will In* necessary, more- 
over, in almost every case, to range the lines between every 
two of the main stations with long slender ranging poles, as 
the intervention of hills, fences, trees, buildings, Ike., will fre- 
quently interrupt the view of even the loftiest station jioles 
that can be obtained ; and more especially so, when the main 
stations are at a great distance, which de|>ends on the mag- 
nitude of the survey, and is sometimes as much as ten miles. 
In measuring these main lines, every fence, road, stream, 
building, Ac., which is passed or crossed must be noted in the 
field book, the several crossings and bends being sketched 
therein, to the latter of which offsets must be taken. Stations 
must also be led on these main lines, at convenient situations 
for taking the interior fences, Ac., of the survey, and their dis- 
tances carefully noted in the field book. From and to the sta- 
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lions, thus left, or from and to points near them, secondary 
lines must be run, as near the interior parts of the survey as 
possible, the crossings, offsets, and other remarks being made in 
the field book, as already directed for the measurement of the 
main lines. These secondary lines will accurately fit between 
the points from and to which they have been measured, when 
laid down on the plan ; thus forming a net work of small 
triangles within the four large triangles, into which the survey 
is divided by the six fundamental lines. This principle of proof 
is founded on the obvious property of triangles having a com- 
mon angle always fitting one within another, the common 
angle of both being coincident. The lines marked' with the 
figures 1 to 6, represent the system in question, those without 
figures are the secondary lines. 



The main lines are numbered with the figures 1, 2, 3, Ike., 
in small circles, as the most convenient method of reference to 
the field book : the secondary lines must have these numbers 
continued on them, for the same purpose, but this is not done 
in the diagram, to avoid confusing it 
It will be seen that the secondary lines *• a, r * are prolonged 
beyond the system of main lines, to give stability to the parts of 
the survey that protrude beyond line 2. 

Nora. For the method of keeping the field book in extensive surveys, the 
description and use oT the theodolite and other surveying instruments, see 
* t Land amd B mgk merwg C 
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ENGINEERING SURVEYING. 

LEVELLING. — DEFINITION OF LEVELLING. 

By the art of levelling the inequalities of the upper boundary 
of any section of the earth s surface may be shewn, and thence 
may be determined the several heights of any number of |K>ints 
in that boundary, above or below an assumed line, called a level 
line ; though, in reality, this line is a great circle of the earth, 
and is such as would be derived from a section the surface 
of still water. 

LEVELLING INSTRUMENTS. 

(1.) Levelling instruments all depend on the action of gra- 
vity: of these the plumb-line, on which the mason's level 
depends, is the most simple ; hut it cannot l>e used in extensive 
operations, on account of its practical inconvenience. The 
fluid, or w f ater level, in all its modifications, is also found in- 
convenient for extensive practice. 

(2.) Spirit levels arc now commonly used, as the most ac- 
curate instruments for finding the differences of level, or ver- 
tical distances between two stations : of these there are several, 
we shall only here describe the Y level. 


Till: Y LEVEL. 



The foregoing figure represents this instrument. A is an 
achromatic telescope, resting on two supporters, which in shape 
resemble the letter Y ; hence the name of the instrument. The 
lower ends of these supporters are let perpendicularly in a 
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strong brass bar, which carries a compass box C. This com- 
pass is convenient for taking bearings, and has a contrivance 
for throwing the needle off its centre, when not in use. One 
of the Y supporters is fitted into a socket, and can be raised or 
lowered by the screw B. 

Beneath the compass box, which is generally of one piece 
with the bar, is a conical axis passing through the upper of two 
parallel plates, and terminating in a bull supported by a socket. 
Immediately above the upper parallel plate is a collar, which 
con be made to embrace the conical axis tightly by turning the 
clamping screw E ; and a slow horizontal motion can be given 
to the instrument by means of the tangent screw D. The two 
parallel plates are connected together by the ball and socket 
already mentioned, and arc set firm by four mill-headed screws, 
which turn in sockets fixed to the lower plate, while their heads 
press against the under side of the upper plate, and thus sene 
the purpose of setting the instrument truly level. 

Beneath the lower parallel plate is a female screw, adapted 
to the staff' head, which is connected with brass joints to three 
mahogany legs, which support the instrument. 

The spirit level / / is fixed to the telescope by a joint at one 
end, and a capstain headed screw at the other, to raise or de- 
press it for adjustment. 

(3). Previous to using this instrument the following adjust- 
ments must lie attended to. 

1 . The adjustments of the telescope for parallax and collima- 
tion . 

2. The adjustment of the bubble tube. 

3. The adjustment of the axis of the telescope perpendicularly 
to the vertical axis. 

1. The adjustment for jHirallajr and collimation. Move the 
object-glass by the screw, and the eye-glass with the hand, till 
distant objects and the cross wires within the telescope, appear 
clearly defined ; and the adjustment for parallax will be com- 
pleted. Next, direct the telescope to some well-defined object 
at a great distance ; and see that the intersection of the cross 
wires cut it accurately ; then loose the clips that confine the 
telescope in the Ys, and turn it round on its axis, observing 
whether the centre of the wires still continue to cut the object, 
during a whole revolution. If it does, it is in adjustment ; if 
not, the line of collimation, or optical axis of the instrument, is 
not in the line joining the centres of the eye and object-glasses. 

To correct this error , turn the telescope on its axis, and by 
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means of the four conjugute screws a , a, &c., that move the 
cross wires, correct for half the error, alternately loosing one 
screw and tightening its opposite one, till the cross wires cut 
the same point of the distant object, during an entire revolution 
of the telescope round its axis. 

2. The adjustment of the bubble tube . — Move the telescope 
till it lies in the direction of two of the parallel plate screws, 
and by giving motion to these screw's bring the air-bubble to 
the centre of its run. Now' reverse the telescope carefully in 
the Ys, that is, change the places of its ends ; and should the 
bubble not settle in the same point of the tube as before, it 
shews that the bubble tube is out of adjustment, and requires 
correcting. The end to w'hieh the bubble retires must then be 
noticed, and the bubble made to return one-half the distance by 
turning the parallel plate screw's, and the other half by turning 
the capstain headed screws at the end of the bubble tul>e. The 
telescope must now* again be reversed, and the operation re- 
peated, until the bubble settles at the same point of the tube, in 
the centre of its run, in both positions of the instrument. The 
adjustment is then perfect, and the clips, that coniine the tele- 
scope in the Ys should lx* made fust. 

3. The adjustment of the arts of the telescope perpe ndicularly 
to the vertical axis . — Place the telescope over two of the pa- 
rallel plate screws, and move them, unscrewing one while 
screwing up the other, until the bubble of the level settles in 
the centre of its run; then turn the instrument half round on 
its vertical axis, so that the contrary ends of the telescope may 
be over the same two screw's, and, if the bubble does not again 
settle in the same point as before, half the error must be* cor- 
rected by turning the screw 11, and the other half by turning 
the two parallel plate screw's, over which the tele*coj>c is placed. 
Next turn the tcle»coj»e a quarter round, that it may be over 
the other two screw's, and repeat the same process w ith these 
two screws ; and when, after a few trials, the bubble maintains 
the same position iu the centre of its run, while the telescope is 
turned round on the vertical axis, this axis will be truly ver- 
tical ; and the axis of the telescope being horizontal, by reason 
of the previous adjustment of the bubble tube, will be perpen- 
dicular to the vertical axis, and remain truly horizontal, while 
the telescope is turned completely round. The adjustment is 
therefore perfect. 

There are several other highly approved levelling instru- 
ments, as Trough ton's and Gravatt's levels, &c., for the descrip- 
tions of which see Bakers Land and Engineering Surveying. 
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LEVELLING STAVES. 

(6.) The best constructed levelling staff (Gravatt’s) consists 
of three parts sliding one within another, and, when opened ont 
for use, form a staff 17 feet long, jointed together something 
after the manner of a fishing rod. The whole length is divided 
into hundredths of a foot, alternately coloured black and white, 
and occupying half the breadth of the staff ; but for distinctness 
the lines denoting tenths of feet are continued the whole 
breadth, every half foot or five tenths being distinguished by a 
conspicuous black dot on each side, the whole feet being num- 
bered with the figures 1, 2, 3, &c. 


CORRECTION FOR CURVATURE. 


B I) £ 



(7.) Let Bl)£ be a horizontal line, 
that is, such as would be given by the 
line of sight of a level, properly ad- 
justed ; B C F an arc of a great circle 
of the earth, and A its centre. It will 
at once appear from the figure, that 
the heights DC, £ F, of the apparent 
level B E, above the true level increase 
successively from the point B. The 
height E F of the apparent level above 
the true, is equal to the square of the 
distance B E divided by twice the 
earth's radius A B, that is E F = 


BE* B D* 

and similarly DC = > & c -> therefore the cor- 

rections for curvature, DC, EF, &c,, varyas the squares of the 
distances B D, B E, &c., since 2 A B is a constant quantity. 

Taking the earth’s radius to be 3979 miles, and assuming the 
distance B D to be 1 mile, then the correction for curvature 
DC = 1 ID*t2AB = 1 i -t 7958 = of a mile = 7*962 
inches = nearly 8 inches. If the distance BE = 3 miles, then 
the correction E F = BE*t2 AB = rfn = T'l *658 inches, 
or nearly 6 feet. 

Let any distance B D = d in miles, and the correction for 
curvature for 1 mile be taken = 8 inches = \ of a foot, which 
it is very nearly; then 

correction = feet, 
o 


for any distance d in miles : 


# The demonstration of thi* formula U given in my edition of 8mr- 
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and let ^ = d, e being chains ; then 

2 d* 2 x 12 <•* 
correction = _ = 

for any distance r in chains. 


SL 

800 


inches. 


CORRECTION FOB REFRACTION. 

(8.) The effect of the earth’s curvature iB modified by another 
cause, arising from optical deception, namely, refraction ; the 
correction for which varies with the state of the atmosphere, but 
it may generally be taken at | of the correction for curvature, as 
an average ; and since refraction makes objects appear higher 
than they really are, the correction for it must be deducted from 
that for curvature. 

EXAMPLES. 

1. Required the correction for curvature and refraction, when 
the distance of the object is 2| miles. 

o 9 y 

tL x (2 # o a r — =4-166 cor. for curvature. 

3 3 

4- of which is *693 cor. for refraction. 


Difference 3*473 feet, cor. required. 

2. Required the correction, as in the last example, when the 
distance is 60 chains. 

60* *r 800 = 4*o cor. for curvature. 

4 of which is .. *643 cor. for refraction. 


Difference...... 3*857 inches, cor. required. 

3. From a point in the Folkstone road, the top of the keep of 
Dover Castle was observed to coincide with the horizontal wire 
of a levelling telescope, when adjusted for observation, and 
therefore was apparently on the same level ; the distance of the 
instrument from the castle was 4J miles, required the correction 
for curvature and refraction, that is, the true height of the keep 
of the castle above the point of observation. 

2 40*.5 

— / (4*5)* a* - - =s 13*5 feet, cor. for curvature 

u 3 

4 of which sb 1*93 feet, cor. for refraction. 


Difference as 11*57 feet, cor. required. 

Set aUo the tables for these corrections at the end of the book. 
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PRINCIPLES AND PRACTICE OP LEVELLING. 

To find the differences of the levels of several points on the 
surface of the earth . 

(7.) Before entering on this subject, it will be proper to 
state that the corrections for curvature and refraction, already 
explained, arc seldom applied in the practice of levelling, the 
spirit level being usually placed midway between the stations, 
the levels of which are to be observed, hence the resulting cor- 
rections for each station are equal, and therefore the difference 
of the levels at the two stations is as truly shewn by the dif- 
ference of the readings of tin* two staves, fixed thereon, as if 
the corrections had been made. Thus the trouble of making 
these corrections is avoided by simply phicing the instrument 
midway between the two staves. 

(8.) Ix»t it be required to find the difference of level between 
the points A and G. A levelling staff' is erected at A, the in- 
strument i$ set up and adjusted at B, another staff* is also erected 
at C, ut the saint* distance from H that B is from A, as nearly 
os can be judged by the eye; the reading of the two staves are 



then noted ; the horizontal lines, connecting the staves with the 
instrument, represent the visual ray or level line of sight. 
The instrument is then conveyed to 1), and the staff that stood 
at A is now removed to E, the staff C retaining its former po- 
sition, only its graduated side turned to the instrument, and 
from lioing the fore staff at the last observation, it is now the 
back staff; the rending of the two staves are again noted, and 
the instrument removed to F, and the staff C to the point G, 
the staff at E retaining its |>osition, now in its turn becomes 
the back staff*, and so on to the eud of the work, which may 
thus be continued to any extent. The difference of the readings 
of the staves at A and C will shew the difference of level 
between the points or stations A and C, because the visual line 
of the instrument is virtually level, and the some is true with 
respect to every two consecutive stations. 

EXAMPLE. 


Back sight on staff A 10*66 feet 

Fore sight on staff* C 11*78 


The fall from A to C 


1*12 difference. 
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Because when the front reading is the greater the ground 
falls, and vice versa. 

Back sight on staff C 13*36 

Fore sight on staff E 9*16 

The rise from C to E 4*20 difference. 

Subtract the fall from A to C... 1*12 

The rise from A to E 3*08 difference. 

Because the rise from C to E is greater than the fall from A 
to C, their difference shews the total rise. 

Back sight on staff E 7*62 

Fore sight on staff G 8*16 

The fail from E to G 0*54 difference. 

This fall taken from the rise from A to E, that is, 

3*08 

(>•54 


gives the total rise from A to G 2*54, or nearly 2 

feet 6{ inches. 


The difference of the sums of the back and fore readings of 
the staves, will more readily give the difference of level lwtween 
A and G : thus, 


Back sights, 
feet. 

10*66 at A 
13*36 at C 
7*62 at K 


Fore sight-*, 
feet. 

1 1*78 al (' 
9*16 at K 
S* 16 ut (* 


sums 31*64 
29*10 


29*10 


2*54 difference of level, the same as before. 

TO DRAW A SECTIONAL LINE OF SEVERAL I*OlNTH IN THE EARTH* 
SURFACE. THE LEVELS OF WHICH HAVE BEEN TAKEN. 

Let a, b f r. d. e.f f and g be the several points ; then, in order 
to draw the section to shew the undulations of the; ground be- 
tween a and g, the distances of the several points from a, in 
addition to their levels, must be taken ; this is usually done 
during the operation of levelling. These distances, with the 
back and fore sights, may be arranged in a level book of the 
following form, which, though not the form practically used, will 
probably be more clearly understood. ( See Fig. page 124 .) 

6 
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LEVEL BOOK. 


Back 

Sights. 

Fore 

Sight#. 

Fall. 

Rise. 

Reduced j Distances in Chains, and Remarks. < 
Levels. ( 

i ' 

350 j 

5*05 

215 


1 215 

4*60 at b on road. 

4*10 i 

10-85 

6-75 

i 

8-90 

7-80 at r. 

i 5*04 i 

9-25 

4*21 


13-11 

11*60 at d. 

! 3-84 j 

12-91 

907 


22*18 : 

15-20 at e. 

4-12 | 

7-05 

3-53 


25*71 

bottom of canal, distance^- 1 6 

; 10-49 

3-92 


6-5 7 

19*14 

21-00 at/I | 

j 12-96 

3-03 


9-93 

1 9-21 

27-00 at <j. 

; 44-05 

i 

j diff. 

53-26 

44-05 

9-21 

i 

the i 

j “ 

( i 

same us the last of the reduced levels. 


In thin level book it will Ik* seen that the differences 2*15 
and 6*75, in tlu* column marked Fall, are mhhsl together, 
making 8*90, thus giving the fall at r, in the column marked 
Reduced levels: to this sum the succeeding falls are added, 
one by one, till we get the fall 25-71 at the bottom of the canal, 
which is the lowest point. Then the differences in the column 
marked Rise, arc subtracted successively from 25*71 for the 
falls at f and g ; the latter of which is 9*21, the total fall from 
a to < 7 , which, agreeing with the difference of the sums of the 
hack ami fore sights, shews the truth of the castings. The 
last column shews the distances of the several points b , c, he., 
from «, in chains, with other remarks. 

DATVM LINE. 

The section might be plotted by laying oft* the distances 
in the last column in the preceding level book on a horizontal 
line, and setting off their eorrosjxmding numbers of feet, in tlie 
column marked Reduced Levels, perpendicularly below the line: 
but it is found inconvenient in practice to plot a section in all 
eases after this method, as in extensive operations the reduced 
levels would repeatedly fall above anu below the line in ques- 
tion, and thus confuse the operation; therefore a line AG, called 
“the datum line,” is assumed at 100, 200 feet, &c., below tlie 
first station a ; thus making that line always below the sectional 
line af % of which a clearer view may be obtained. 

In the following practical level book the rise or fall is re* 
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spectively added to, or subtracted from, the assumed distance 
of the datura line, and the next rise or tall again added to, or 
subtracted from, the sum or difference : — thus 2*15, being a fall, 
is subtracted from 100 (the assumed distance of the datura line) 
leaving 97*85 feet, the height of the ground at b ; the next fall 
6*75 is then subtracted from 97*85, leaving 91*10 feet for the 
height at c ; aud so on to 3*53, which is the last fall : — the next 
6*57, !>cing a rise, is added, as well as 9*93 ; — thus the last re- 
duced level is 90*79 feet, which taken from the datum 100 
leave 9*21 feet, agreeing with the differences of the sums of the 
back and fore sights, and of the sums of the rises and falls, anti 
^hewing tin* work of easting to be correct. Thus nre obtained 
a series of vertical heights to be set off perjK*ndieularly to tin* 
datum line, through the upper extremities of which the sectional 
line must be drawn. 

PRACTICAL LEVEL HOOK. 

(Datum line 100 feet below the bench mark at A.) 


Hark 

Sitfhu. 

Fort* 

i 

Ri^. 

Fall. 

Hulu««'«l 

Oi-it.iucri 

l 

• 

t I2riii.it kn. 


trot. 

f.-t* t. . 

fMt. 

i fri-t. 

chain*. 

I 

3*50 

4*10 

10*5 

i 

2*15 

6*75 

1(K) (HI i> 

97*85 

91*10 

i t-r,» 

i 7*0 

f 11 M on road 
j [ to lime kilns. 

5*04 

9 25 

' 

4*21 

86*89 

1 1 IV) 

i 

3*H4 

12*91 

j 

9*07 

77*82 

: 15*20 

f llot tom of 

‘ 4*12 

7 *65 

i 

3*53 

74*251 


• - ranal.ilistant 

10*49 

3*512 

6*57 


80*86 i 

121*00 

( 2*80 rlniiu*. 

12*96 

3*03 

| 9*93 

i 


5K>*79 ; 

; 271X) 

to B M at (/. 

; 44*05 

53*26 

j !«•.»() 

25*71 

I (KMX) | 




44*05 


16*50 

1 

t 

( diff. 

I>etween last 







■ 9*21 

diff. = 

9*21 

= 9*21 

-j reduced level and 
( datum. 


In laying down the sectional line from the above columns of 
reduced levels and distance*, the former are always tuken from 
a much larger scale than the latter, otherwise the undulations 
on the surface of the ground would in many cases, be hardly 
perceptible. 

Draw the horizontal line AG, setting off the distances A B, 
A 0, Ac., as in the column of distances, that ijt AB = 4*60 
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chains, AC = 7*80, &c., then draw A a = 100 feet, perpen- 
dicular to A G and parallel to A a draw B b, C c, &c., setting 


oif their heights 97*85, 91*10, &c., respectively, from the column 
of reduced levels, and tli rough the points a, 5, c, &c., draw the 
required sectional line a y. 

Noth. Tin* ul»ove operations, though extremely simple, require great care, 
otherwise, in extensive works of this kind, errors creep in imperceptibly, to 
check which the agreement of the differences in the level lxiok is esseutiuL 

LEVELS FOR TI1K FORMATION OF A SECTION. 

In this case it is required to take the levels of a line of 
country, where the ground plan is already made, and the line 
ofVction determined upon, and marked out on the plan. Here, 
in addition to what is required in running or check levels, the 
distances to the several stations of the levelling stuves from the 
starting point must be measured. 

Two additional assistants are required in this case to measure 
the distances of the stave stations along the lines while the 
<>|>erutiou of levelling goes on, which is the same in every 
respect as that already described, excepting that, in this case, 
the operation is conducted uj>on a line, on the surface plan, a 
copy of which must be in the surveyor’s possession to direct 
him, and the distances of the several stave stations must be 
noted in the level book, in the column marked “ Distances.” 

The following is the level book of an example, shewing the 
manner of keeping it. and also the method of reducing the levels, 
to obtain the actual heights of each station above the datum 
line., which is placed 100 feet below the starting point, for con- 
venience of drawing the section. The whole operation being 
similar to that already given at page 123, excepting that here 
we give the particular manner of performing the several parts 
of the field work, in order that it may be clearly understood by 
those who are unacquainted with the subject, as it Is presumed 
that, iu a short time, railways will become tbc common means 
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of transit, both for passengers and goods, throughout every 
country of the civilized world. 

THE LEVEL HOOK FOR PLOTTING* THE SECTION. 

(Ufldim 100 f**et In* low the Mtution \.) 


Back 

Sights. 

Fore 

Sight*. 

Rise. Fall. 

. . 

Reduced 

Lev* L. 

Distance* 

Remark*. j 

feet. 

feet. 

feet. , feet. 

feet. 

l:nk*. 

i 




100*00 it 


i 

13*71 

7*88 

5*83 ; 

105 S3 

519 

B.M. side of ro-ul. j 

9*40 

16*30 

6 90 

98*93 

1315 


3*87 

11*71 

7*84 

91*09 

1542 


2*63 

12*41 

9 78 

81*31 

1850 

i 

14*62 

0*96 

13*67 ; 

94*9S 

235 m 


1700 

1*45 

15-55 : 

110*53 

•JC9H 


10*66 

15 40 

4 74 

105 79 

3367 


287 

17*»C 

14 13 

9. 66 

3758 


3*40 

10*32 

6*92 

M 74 

3976 


6*73 

2*24 

3*4!) 

ss*23 

5077 

: 

16 54 

0*85 

15 99 

103 92 

5904 

! 

n> *08 

0H9 

1519 

11 9* 11 

HI 2* 

1 

14*56 

0*73 

13*8.1 

132*94 

64 17 

! 

10*36 

14*06 

. 3 70 

1 29 26 

7H 7 

i 

' 0 84 

1*36 

8*!S 

137 72 

MM*. 9 


9*hO 

7*oo 

2*80 

1 JO 52 

930*1 


2 30 

10*96 

8*66 

Ml *6 

— 

Centre of road «t 2 1 3 

10 96 

14*46 

3 50 

12s *36 

9079 

[links. 

2 OS 

15*05 

1 2 97 j 

115 39 

9930 


1 75 

16*58 

14*3 

100 :.f» 

1 0 1 6 » 


1*84 

17*10 

15*26 

1 S3 30 

10576 


0 00 

7*43 , 

7*43 

77" s 7 

11423 

Forward Q) at corner 

6*38 

3*60 

1*RS 

79-75 

1 3066 

[of wood. 

8*50 

4*50 : 

4 *00 j 

i 83*75 

14954 


6W 

1*36 

3 94 » 

1 87*69 

15650 


10*20 

9*40 

0*80 

i 8 S • 4 9 

17345 


6*86 

0 40 

6*46 

94 95 

19135 


11*00 

3 96 

7 04 

101*99 

19359 


11*80 

3 53 

8 27 , 

1 10*26 

19631 


10*53 

2*68 

7*85 

1 18*11 

19841 

Forward 0 at end of 

8*82 

1*38 

6*»4 

124*95 

20561 

[wood. 

8*7« 

2*20 

6*56 

.31*51 

21671 


14 00 

14*50 

; o so 

13101 

— — 

Road at 450 link*. 

14 50 

4*32 

10*18 . 

141*19 

22710 


9 14 

100 

8*14 j 

149 33 

23221 


304*19 

254*66 

166*49 117*16 

uo-oo 



254*86 


117*16 , 








f Difference between Datum 

49*33 

— 

49 33 i — 

49*33 

*< and last Reduced level, or 


j ] | L ^ height of B above 4. | 

The several differences of the sums of the back and fore 
sights* of the sums of the rises and foils, and of the last reduced 
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level and the datum, exactly agreeing, proves the accuracy of 
the arithmetical operation in the preceding level book, all these 
differences being 49*33 feet, which is the height of the last 
station above the first. 

It is advisable for the surveyor to reduce the levels in the 
field as he proceeds, as it will occupy very little time and can 
be easily done while the staffman is taking a new position. 
The surveyor will thus be enabled to detect with the eye if he 
is committing any glaring error ; for instance, inserting a 
number in the column of rises, when it ought to be in that of 
frills, the surface of the ground at once reminding him that he 
is going downward instead of ascending. 

It is seldom the case in practice that the instrument can lx* 
placed precisely equi -distant from the back and fore staves, on 
account of the inequalities of the ground, ponds, &e.; it would 
appear, therefore, to be necessary, to make our results per- 
fectly correct, to apply to each observation the correction for 
curvature and refraction as explained at page 118: this, we 
believe, is seldom done unless in particular cases, where the 
utmost possible accuracy is required, on account of the small- 
m-ss of such correction, us may be seen by referring to the 
table ut the end of the book, where this correction for 1 1 chains 
is shewn to be no more, than purt of a foot ; and as the 
difference in the distances between the instrument and the fore 
and back staves can in no case equal that sum, it is evident 
that sueh correction may he safely disregarded in practice. 
Besides it is not necessary to have the level placed directly 
between the staves while making observations, as it is frequently 
inconvenient to do so, for reasons just given, nor docs a devia- 
tion from a line of the staves, in this respect, in the least affect 
the accuracy of the result. 

The distances in the sixth column of the level book are 
assumed to be horizontal distances, and in measuring them, care 
should be taken that they are as nearly such as ]>ossible, or they 
must be afterwards reduced thereto, otherwise the section will 
be longer than it ought to be. For the purpose of assisting the 
surveyor in muking the necessary reduction from the hypothe- 
nusal to the horizontal measure, when laying down the section, 
a table is given in Baker'* Land and Engineering Surveying , 
page 146, shewing the reduction to be made on each chain’s 
length for the following quantities of rise, as shewn by the 
reading of the stages. 

Son. For extensiv j Information on tbia subject see Baker** Load and £»* 
yi herring Sarregimg, where an engraved plan and section, adapted to this example, 
are given at the end of the work. 
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THE METHOD OF LAYING OUT RAILWAY 
CURVES ON THE GROUND. 


In railway practice, the curve adopted is always an arc of « 
circle, to which the straight portions of the railway are tangents 
at each extremity of the arc. Sometimes the curve consists of 
two, three, or more circular arcs with their concavities turned 
in the same or different directions, as in the compound and ser- 
pentine curves. 

Proiilkm I. 


To lay out a railway curve on the ground by the common 
method. 

Cask I. — Let H A, y 4 y 5 be the tangeutal portions of a rail- 
way, the extremities A and y 4 of which are required to he 
united by the circular curve A y 4 , to which H A, y, y 4 shall lx 


tangents ; the radius of the curve 
viously determined. 

Let the radius 
in this case be. 

SO chains or one 
mile; prolong the 
tangent 15 A a 
distanc e A /# zz jj 
1 chain ; then op- 
posite SO in table 
No. 2, at the end 
of the lx>ok, is 
found 4 ‘9o inches 


being supjxwed to he piv- 



spy, which setoff at right angles to A//, thus giving tile first, 
point in the curve. In the direc tion A y, measure y p 9 = I 
chain, and set off p 9 y s zz twice p y s 4*9.'5 x 2 z incite*, 
at right angles to q p 9 ; then y, is the second point in the 
curve. This last operation must Is- rejieated till the* curve 
shall have been set out to the jmint y 4 . Lastly y 4 p % being 
measured =r 1 chain, in the direction y, y 4 , the offset //, y s will 
be found = 4*95 inches = the first offset // y, thus proving the 
accuracy of the work. In this manner the operation is con- 
ducted, whatever be the length of the curve. 

Case II. — Let AO = r, and 8 = Ap — : y p 9 rz He., which 
may be either less or greater than one chain; then the general 

length of the first and last offsets p q, p % q % is and the 

length of each of the other offsets is — , or twice the first or 


r 
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last offset; bat the length of the offsets given in the table is 

represented by ~5 therefore, if A p, qp %% &c., be taken as 2 , 
. r 1 

8 , 4, &c., chains, the value of c- must be multiplied by 2* = 

A T 

4, 8 f =s 9, 4* =s 16, &c., respectively to find p q 9 and the re- 
sult, in each case, multiplied by 2 for each of the offsets p % q 9> 
p 9 q 9t &c. In this manner the curve may be set out more 
speedily, and with less liability to error, on account of the less 
number and greater length of the lines required in the opera- 
tion. 

EXAMPLE. 

Let AO = r= 120 chains, and 8=4 chains: then = -i- 

2 r 2 r 

x 16 zr 3*3 x 16 = 52*8 inches 4 feet 4*8 inches =p q; whence 
4 feet 8 inches x 2 = 4*8 feet 9*6 inches =p a q t9 p s q 9 = he* 

Note I . When the curve ha* been correctly net out, as in Case II., the inter- 
mediate stum]M may bo put in at the end of every chain, if required, by the 
method Riven in Cmc I. The distances of the intermediate stumps, thus put 
in, will not, in most cases, exceed a fraction of an inch ; because the lengths of 
tho offsets p 7, ;>j q r Ac., is so small, that the curvilinear lengths A 7, 7 7* &a, 
can never greatly exceed those A/j, 77)*, Ac. 

Nor* 2. The method given in Case II., is sufficiently accurate when 8 does 
not exceed of the radius of the curve, besides, at the closing point of the 
curve, as at 7*, the distance 7,7)4 is moat commonly less or greater than 8. Let 

ft/'* 3 * d; then tho offset p 4 q r at the end of the curve is as and, 

when 8 =ss 1 chain, t>< 7* = ^ ; or the tabular number for the given 

radius must be multiplied by (8 ■+■ d) d, or by ( 1 -f. d)d, according as A p, qp* 
Ac., is taken css 8 chains or 1 chain, to give the last offset P\ q A \ 4 of which is 
*= Pi 7*, the offset to the tangent q A q v 

EXAMPLE. 

Let r = 120 , and 8 = 4 chains, as in the last example, and 
let g M p 4 =s d = 2*68 chains; then p 4 q 4 = JL x (8 4. d) d *s 

8*3 x (4 4 - 2*68) x 2*68 = 59*07 inches ; of which, via., 
29*535 inches is = p t q r 

Not* 3 . When 8 exceeds ^ of the radius r of the curve, the following foL 
nmla ought to be used for finding the offsets. 

7.7 =sr -Vet — «*, 

*nd 

8ae Bakar'e Land and Engineering Smrepng, page 161. 

Notb 4. By this method the greater part of both British and foreign tail- 
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way curves have been laid out It was invented by the author about 27 yean 
ago, when the Stockton and Darlington Railway was laid out and eagcarly 
adopted by engineers, as it involves very little calculation, and does not requin 
the use of a theodolite. It is, however, defective in practice, on account of ita 
requiring so very many short lines connected together, as errors will unavoid- 
ably creep in and multiply, and more especially so where the ground is rough ; 
thus the curve has frequently to be retraced several times before it can be got 
right; hence the author prepared the methods in the following Problem. 


Problem II. 

To lay out a railway curve on the ground, by offsets from its 
tangents , no obstructions being supposed to prevent the use of the 
chain on the convex side of the curve. 

Case I . — When the length of the curve does not exceed | of 
its radius. 


Let AB, DC be 
straight portions of a 
railway, the points C and 
B being required to be 
joined by a circular curve 
B C, to which A B, D C 
shall be tangents, the 
radius BO of the curve 
being supposed to be pre- 
viously determined from 
an accurate plan of the 
intended railway. 

Range the tangents A B, D C till they meet at T ; and let 
the radius B O = 80 chains = 1 mile ; measure on B T the 



distance B q = 1 chain ; and, at right angles to B T, lay off the 
offset q p = 4*95 inches, by Table No. 2, as in Problem I. ; 
then p is the first point in the curve. Next measure q q % = 1 
chain, and lay off* the offset p % q % = 4*95 x 4 lor the second 
point in the curve. The successive offsets, at the end of every 
chain, being 4, 9, 16, Ac., or 2*, 3*, 4», Ac., times the first 
offset p o t which may also be found opposite the given radius in 
the Table No. 2., as in Prob. L 
When the offsets have been thus laid out, till the last one 
q t p t falls little short of T ; lay off the same offsets on TC aa 
were laid off in B T, but in an inverted order, making the first 
distance on T C = T q % ; thus completing the curve to C. 


Horn It can rarely happen in practice that the last offsets, from both tan- 
gent*, will meet at the middle point j»» of the curve, as shewn in the figure; 
but will either intersect ooe another or fall short of the middle point ; but this 
is a matter of no consequence. 
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EXAMPLE. 

Let the radius of the curve be 160 chains, required the offsets 
at the end of every chain, from the tangent to the curve. 

p q (per Table No. 1.) = 2*475 inches. 

p % q % = 2*475 x 4 = 9*9 

Pa Vs = 2*475 x 9 = 22*275 

p A q A =r 2*475 x 16 = 39*6 

&c. = &c. = St c. 

Case II. — To lay out the curve when it is any required 
length. * 

In a long curve (of which there are some more than two 
miles in length) the tangents, if prolonged to their point of 
meeting, would necessarily fall at a great distance from the 
curve, thus giving an inconvenient length to the offsets, which 
in practice should never exceed two chains. To remedy this 
inconvenience the curve must be divided into two or more 
parts, by introducing one or more additional tangents, thus the 
offsets may be confined within their proper limits. Thus the 
tangent T C may, in this case, Ik* extended, another tangent 
applied, and the offsets laid off, thus repeating the o)>eration of 
Case I. a second time : if the curve be not yet completed, the 
operation may be repeated a tliird, fourth, &c., time, till it be 
completed. 

Note. For a complete devolopcmrnt of this important sul^vt, see linker'* 
Jjfmd and Engineering Sunrging, Part II., Chap. II., where two other methods 
of laying out railway curves are given ; also methods of laving out compound, 
nerpentino, and deviation curves, with original formula*; all of which methods, 
as well oa tho two already given, were first drawn up by the author. See, uloo, 
l*ogo 174 of the work above referred to, where a short history of the invention 
is given. 


CONTENTS OF KAILWAY CUTTINGS, ike. 


TAUJ.ES, 

The General Earthwork Table , in conjunction with Tiro 
Auxiliary Tables , on the same sheet, in Bakers Railway En- 
gineering. or the number for the slopes in Bidder's Table , are 
applicable to all varieties of ratio of slopes and widths of 
formation level in common use ; and with the help of Barlow’s 
table of square roots, these tables will apply to sectional areas, 
with all the mathematical accuracy that can be attained, with 
very little more calculation than adding the contents between 
every two cross-sections, as given by the General Table. — The 
contents in the General Table are calculated to the nearest unit. 
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as are also those in the Auxiliary Table, No. 2, which is for 
the decimals of feet in the depths. The Auxiliary Table, No. 1, 
shews the depths of the meeting of the side-slopes below the 
formation-level, with the number of cubic yards to be subtracted 
from the contents of the General Table for each chain in length, 
for eight of the most common varieties of ratio of slope. 

The following diagrams and explanations will further illustrate 
the method of taking the dimensions of railway cuttings, pre- 
paratory to using the above named tables. 

Let A 11 1) C r a b d, be a railway 
Cutting, of which A B I) C , ah d c 
are the cross sections, AU = a 6= 
width of formation level, M M', m m 
the middle depths of the two cross- 
sections; the side-slopes A C, D B, 
flf, b d, when prolonged two and 
two, will intersect at N and n, at 
which points the prolongations of 
M M', m m will also meet, thus constituting a prism A B N 
nab, the content of which is to he deducted from the whole 
content, given by the General Table, by means of the Tuble No. 
1.; in which the depth M'N = m n is also given, as already 
stated, to several varieties of sIojk; and bottom width. 

To place this subject in a more practical point of view, let 
the annexed figure represents a longitudinal and vertical section 
of a cutting, passing through the middle A E of the formation 
level. II I, the line of the rails, and a ft, the line on which the 
slopes, if prolonged, would r 

meet. It will be seen that 
the cutting A b c d E com- 
mences and runs out on the 
formation level A E, and 
that the depth A a = B e 
= C f = Ac., is to be added 
to the several depths B b, 

C c, Dd of the cutting, the 
first and last depth at A 0 £ f if * 

and E being each = 0; or, what amounts to the same thing, 
the several depths must be measured from the line a h : thus 
A a, be, eg, Ac., are the depths to be used. And since the depth 
A a is given in Table No. 1, for all the most common cases, or 
it may be readily found by calculation for all cases, (see Rail- 
way Engineering ), the line corresponding to a h must, there- 
fore, be ruled on the railway section, at the proper distance 



c 
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below A E, from which the several depths must be measured ; 
or the vertical scale may be marked with Indian ink, (which 
may be readily rubbed off') at the same distance, and this mark 
may then be applied to the formation level A E, for the purpose 
of measuring tbe several depths. — In the case of an embank- 
ment, the line for the several depths must be placed at a like 
distance above the formation level. 


Problem L 

The several* depths of a railway cutting to the meeting of the 
side dopes , its width of formation level , and the ratio of the 
slopes being given, to find the content of the cutting in cubic 
yards, from the Tables referred to, the distances of the depths 
being one chain each . 

Bule. — Take the several quantities, corresponding to every 
two succeeding depths of a cutting, or embankment, measured 
to the meeting of the side slopes, at the distance of 1 chain each, 
from tbe General Table in Bakers Railway Engineering, and 
multiply their sum by the ratio of the slopes; from the product 
Subtract the cubic yards, corresponding to the given bottom- 
width and ratio of slopes from Table No. 1., multiplied by the 
whole length of the cutting, and the remainder will be the 
oontent of the cutting in cubic yards. 

But, when the distances of the depths are greater or less than 
1 chain, the quantities of the General Table must be multiplied 
by their respective distances. — And, when the distances are 
given in feet, the quantities must be multiplied by those dis- 
tances, and the final result divided by 66 for the content in cubic 
yards, as in the following 

EXAMPLES. 


1. Let the depth of the railway cutting 
or embankment to the meeting of the 
side-slopes, at the end of every chain, be 
as in the following table, the bottom- width 
80 feet, and the ratio of the slopes as 2 to 
1 ; required the content in cubic yards. 

Nora. In the annexed table tbe quantity 1238, 
o orrsepooda to the depths 10 and 33 feet, in the 
General Tablet the quantity 3175 to the depths 
S3 and 99, and so on for the succeeding depths. 
By the Auxiliary Table No. 1. it will be seen, that 
the depth to be added below the formation level, 
for the given width and ratio of slopes, is 7*50 = 
7i font, therefore, the cutting begins and ends with 
n depth of 10 — 7i» 2ft foot The corresponding 
number of cnbkynrdt to be deducted for each chain 


Diet. In Depth J Qnt« per 
chains. In feet. |tl. Table. 

0 10 

100 33 1238 

2 00 39 3175 

3-00 35 3350 

4*00 10 1355 

For slope 1 to 1 ..9128 

2 


For slope 2 to 1 . 18256 


Subtract j 

*75 X 4 I — 
Content in« ^ 
cubic yds. I 


1100 

17156 
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in length, it multiplied by 4 chains, the whole length of the cutting, thus 
giving the whole quantity to be deducted, the remainder being the true 
in cubic yards of the cutting. 

2. The several depths ™ w „7i77“i7r 

01 S nUlWay cutting to the chains. Ill Toot, greater titan I chitiu. quantiles. 

meeting of the side slopes “ ; 

are as in the annexed ' i-oo I 16 j ... . 1 4S0 

table, the bottom width 2*00 ! 20 !.*!!! j 705 

being 30 feet, and the 4*00 25 | 1234 x 2 l 2486 

ratio of the slopes 4 to *«» j ™ j — ^ • ]>•“ 

1 , required the conttnt S"Oo i 45 f i 4319 

of the cutting. looo I so j 5520X2 i 11040 

Note. When any of the d is- 12*00 j 40 j 4971 X 2 9942 

tances between two succeeding 13*00 ! 30 . . . . 3015 

depths is greater or less than l 14*46 10 ' 1059 X 1*46 ! 1546 

chain, the corresponding nuan- v — . . — ; — , 77*7. — 

titv from the General Table * or “ 

mm he multiplied by that par- lor •’“I* 1 ,u 1 ^ 

ticular distance ; as the distances .. . . . 


distance being 2 chains. The I 

last distance, via., that U-twecn >on ' etL: 

30 aud 10, is 1*46, in this case 2 

figures must he cut off fur decimals, after multiplying. 

3. Let the depths of a ~~ ~ „ u uuil 
railway cutting to the /«*:. | •» feet. ! 
meeting of the side &lop«*s, “ ~ 

and their distances in feet 90 'r f( ' } [ 4C 

be a» in the annexed ta- i;« i;i ! 75 

blc, the bottom width 30 278 _ 1 39 62 

feet, and tin* ratio of the i For dofa* 1 to 1 . 

.slopes 1 J to 1 ; required for atop** | to 1 . 

the content in cubic yards. P . , , . , 

Not,, When the Usance, For ^ ‘I » “ 1 • 

are in feet the quantities from 
General Table must !>*■ n.»s| ac- 
tively multiplied by their din- 

unu^ the M u*,,ti«y from Table & „ llenl io cubic rtl 

No l. by the whole distance, ! 

aud the result divbtrd by 66, the 

£uet in 1 chain, for the content in cubic yards. 

PitOHEEM IL 


lH«t. Ill < iHf.tlw jljuajitltlf* multiplied 
/»s«. | hi fuel. . by li’llirtli. 

Tots) 

'[UiuiUtU*. 

0 37 J 



90 50 

4660 X 90 

419400 

178 61 ! 

7554 X 88 

664752 

278 « 39 

6210 X 100 

62 1 0(10 

1 For slofic* 1 to 1 ....... . 

1705152 

For slopes 1 to 1 

852576 

For slopes 1 1 to 1 

2557728 


360 67 X 278 =s 

101933 

i 


66)2455795 

Content in cubic vsrds 

37209 


Cask I. — The areas of two cross sections of a railway cutting 
ta the intersection of the side slojws , its length in chains, bottom 
width , and ratio of ’ the slopes are given; required Use content of 
the cutting in cubic yards. 

Rule. — W ith the square roots of the given areas as depths, 
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find the content from the General Table, as in the last Problem, 
from which subtract the quantity answering to the given width, 
and the ratio of side-slopes from Table No. 1, and the remain- 
der, being multiplied by the length, will be the content required. 

Nora. If the length be given in feet, proceed as in Example 3, last Problem. 

EXAMPLE. 

1. Let the two sectional areas of a cutting be 4761 and 1296 
square feet, the lx»ttorn width 36 feet, the length 3*2 5 chains, 
and the ratio of the side sloj>e.s 2 to 1 ; required the content in 
cubic yards. 
v/4761 = 69 
^1 296 as 36 

For bottom width 36 and sIojkjs 2 to 1, per | „ QA 
Table No. 1 J 


} 


content per General Table ... 6959 


Content for 1 chain in length 


6563 

3 * 


1 9689 
1641 


Content for 3*25 chains 21330 cubic yds. 

Case 11 . — in measuring contract work, where great accuracy 
is ref/ aired, the T faiths of a foot , or second decimals, must he 
used in the calculation , fa/ taking Jor them f~th of their re- 
spective quantities in Table Xo. 2. 

EXAMPLE. 

The amis of seven cross sections of a 
railway cutting to the meeting of the side 
slopes, and their distances are as in the 
annexed table; the bottom width is 30 feet, 
and the ratio of the slopes 1^ to 1 ; required 
the cubic yards in the cutting. 

Ans. The content, per General Table, 
and Table No. 2, is 172318 cubic yards, 
from which the quantity corresponding to 
the given bottom width and ratio of slopes 
x by the whole length, viz.. 275 x 18 = 4950 cubic yards 
must bo deducted, which leaves 167568 cubic yards, the con- 
tent required. 

None. For farther explanations and numerous examples of the methods of 
finding the contents of earthwork, see Baker $ Land ami Ent/imeerimg Surrey* »»t. 


, nist. in Arena in j 

J chain*. *f|. feet. ' 

0 2727 ! 

2-00 3136 

| 6*00 4221 

9*00 , 4 lOO 

i 14*00 ' 5141 

: 1600 3759 

18 00 2161 





TABLE 3fo. 1.— THE AREAS OF SEGMENTS OF CIRCLES, DIAMETER UNITY. 


000042 
000119 
000219 
000337 
000470 
000618 
000779 
-000951 
•00113S 
•001329 
•001533 
•001746 
•001968 
•002199 
*002438 
•00268ft 
•002940 
•003202 
•003471 
•003748 
•004031 
•004322 
•00461 8 
•004921 
•005230 
•005546 
•005S67 
*006194 
•006527 
•006h65 
•007209 
•007559 
•007913 
•008273 
•008698 
•009008 
•009383 
•009763 
•010148 
•010537 
010931 
•011330 
•011734 
•012142 
*012554 
*012971 
‘013392 
*013818 
•014247 



BBi 


*014681 
*016119 
•015561 
•016007 
•016457 
•016911 
•017369 
•017831 
•018296 
■018766 
•0 1 9239 
•019716 
•020196 
•020680 
•021168 
*021659 
•022154 
*022652 
•023154 
*023659 
*024168 
‘024680 
‘025195 
•025714 
•026236 
■026761 
•027289 
•027821 
*028366 
‘028894 
*029435 
•029972 
•030526 
*031076 
•031629 
•0321 H6 
•032745 
•033307 
*033872 
•034441 
•03501 1 
•035585 
•036162 
*036741 
•037323 
•037909 
•038496 
*039087 
*039680 


Haight I AnaSfpvnt. 


040276 

040875 

‘041476 

•042080 

‘042687 

*043296 

*043908 

•044522 

‘045139 

•045759 

*046381 

•047005 

•047*532 

•048262 

*048894 

•049528 

*050165 

‘050804 

•051446 

052090 

•052736 

•053385 

•054036 

*054689 

•055345 

•056003 

•056663 

*057326 

•057991 

•058658 

•059327 

*059999 


061348 

062026 

062707 

063389 

064074 

064760 

065449 

066140 

‘066833 

*067528 

*068226 

•068924 

•069625 

•070328 

*071033 

*071741 


When tbe tabular height exrerda the height* given in thii Table the 
Mgmeot must be divided into two equal part* ami their common vented sign 
and hr Proh. VI , page 26. Tbe tabular height* will then fall within this 
■bla, whence the area of the whole segment may be found. 








TABLES OF OFFSETS FOB RAILWAY CURVES, AND CORRECTION 
OF LEVELS FOB CURVATURE, ETC. 


No. 8, — Oflbeis at the end of the first chain from tangent point of railway curvet. 


Radios 

Offsets In 

1 Radius 

Offsets In 

Radius 

Offsets In 

> Radius 

Offsets In 

of curve 

inches and 

of curve inches and 

of carve 

Inchss and 

> of curve 

Inches and 

In cbns. 

decimals. _ 

In chns. 

rled Inals. 

in chns. 

decimals. 

1 In chns. 

decimals. 

♦0 

V’9000 ~ 

64 

1 6*1875 

88 

4*5000 

• 120 

3*3000 

41 

9*6688 

66 

6*0923 

89 

4*4496 

122 

3*2459 

49 

9-4285 

66 

1 6*0000 

90 

4*4000 

124 

3*1935 

43 

9*2093 

67 

5*9104 

91 

4*3516 

125 

3*1680 

44 

9*0000 

68 

6 8235 

92 

4 3043 

126 

3*1428 

46 

8*8000 

69 

6*7391 

93 

4*2581 

128 

3*0937 

46 

6-6087 

70 

6*6571 

94 

4*2128 

130 

3*0461 

47 

8*4266 

71 

‘ 5*5774 

95 

4*1684 

1 132 

3*0000 

48 

8*2600 

72 

: 5 5000 

96 

4*1250 

I 13* 

2*9552 

48 

8*0816 

73 

6*4246 

97 

4-0K25 

I 135 

2*9333 

60 

7*9200 

74 

5*3513 

98 

4*0408 

; 136 

2*9117 

61 

7*7647 

75 

5*2800 

99 

4*0000 

i 138 

2*8645 

69 

7*6154 

76 

5*2105 ) 

100 

3*9600 

j 140. 

2*8285 

63 

7*4717 

77 

5*1428 

102 

3*8824 

142 

2 7887 

64 

7 3333 

78 

5*0769 

104 

3*8077 

144 

2 7500 

66 

7*9000 

79 

5*0126 

105 

3*7714 

1 145 

2*7310 

66 

7 0714 

i 80 

4 9500 

106 

3*7358 

! 146 

2*7123 

67 

6*9473 

i 81 

4‘88H9 

l OR 

3*6667 

j 148 

2*6756 

68 

6*8270 

* 82 

4*8292 

110 

3 6000 

150 

2*6400 

69 

6*7118 

| 63 

4*7711 

112 

3-5352 

i 152 

2*6052 

60 

6 6000 

84 

4*7143 

114 

3*4736 

; 154 

2*5714 

61 

6*4918 

| 85 

4*6588 

115 

3*4435 

155 

2*5548 

62 

6*3871 

86 

4*6046 

116 

3*4138 

156 

2*5384 

63 

6-2857 

■ 87 

4*5517 

118 

3*3559 

1 158 

2*5063 


TA1U.K8 ur rOltUKl-TlONH Foil CI'lCVATt*KK 

. ETC. 


"Nu.1T 

DHTcrvuce Utwwn apparvnt and 

(No 4.— Dlrtervm-v lilwitit npiarcnt andlrui 

in io level Inr distance* in chain*. 


level l.ir dmtaiii e* In lulu'll. 

Cuneetlon in dccliii.U* of hut. 

j Ournw-tlmi tn ftvt and dv< 

-unals. 

Distance 

K«ir curve* 

! Distance 

For curva- 

Distance 

Fur curva- 

lJ!nl-il it « 

Fur curva- 

to 

tun* and 

III 

ture mid 

In 

ture and 

In 

ture and 

chain*. 

refrjii*? ion. 

! chin"* 

ivfn *thui. 

mile* 

refraction. 

mile* 

refraction. 

3i 

~~ *001 

14 

*017 

r 

*03 

10 

57 17 

4 

*002 

14J 

*019 

* 

•15 

10J 

61*30 

4& 

*002 

15 

•020 

i 

•32 

1 1 

69*16 

6 

*003 

15| 

*021 

i 

•58 

Hi 

75*59 

M 

*003 

16 

•023 

H 

1*29 

12 

82*29 

6 

*004 

IGi 

•024 

2 

2*29 

12J 

89*29 

6| 

*003 

17 

•026 

n 

3*57 

13 

96*58 

7 

*004 

171 

•027 

3 

5*14 

131 

104*14 

74 

*005 

18 

*029 


7*00 

14 

112 00 

8 

*006 

isl 

*031 

4 

9*15 

Ml 

120*15 

64 

•006 

19 

*033 


11 62 

15 

128*57 

9 

•007 

194 

*034 

5 

14*29 

151 

137*29 

94 

•008 

20 

•036 

M 

1 7*30 

16 

146*29 

to 

•009 

20| 

*038 

6 

SO’58 

161 

155*67 

10 4 

*009 

21 

*039 

6* 

24-15 

17 

165*15 

u 

•on 

9l| 

*041 

7 

28*01 

17* 

173*00 

n* 

•019 

22 

•043 

7 J 

32 16 

18 

165*14 

19 

*013 

22 1 

•046 

8 

36*59 

18* 

195*59 

194 

•014 

23 

*047 

8i 

41*31 

19 

206*29 ! 

13 

*016 

23| 

‘049 

9 

46*30 

19* 

217*29 ! 

»*4 

•016 

94 

•051 


51*60 

90 

928*60 1 


Printed by J. 8. tiorwox, S3, Portugal Stmt, Unoutu's Inn. 




NEW [AND PERMANENT] LIST OF WORKS 

JOHN WEALB, 59, HIGH HOLBORN, LONDON. 


SERIES OF RUDIMENTARY WORKS 

FOR THB US* OP BBS INKERS. 


1 858. 

1. CKXvmvr, by Prof. Fownes, F.R.S., including Agricultural Cbs- 

mistry, for the use of Farmer*. 4th edition . • It. 

2. Natural PniLoeorar, by Charles Tomlinson. 2nd edition . « la 

8. Gso loot, by Lieut -Col Portbck, F.RS., Ac. 2nd edition . If. 6<L 

4, 5. Mjxsbjxooy, by D. Variey, 2 volt. 2nd edition . 2i. 

6. Msolamc*, by Charles Tomlineon. 2nd edition . .la 

7. El*ct*icitt, by Sir Williem Snow Harris, F.R.S. 3rd edition If. 6d. 

8. 9, 10. Maoxsrtsif, by the aame, S rob. 3# . fcf. 

1, 11* Taucoairu, History of the, by E. Higbton, C.E., 

2. PimuiCAtica, by Charles Tomlinson. 2nd edition .... la 

3/1 d/l 5. Citil Exoixskuno, by Henry Law, C.E., 8 rola ; and 
«/15* Supplement 4i.6i 

8. AncniwcTcnt (Orders of), by W. H. Leeds. 2nd edition . • la 

7. AncniTscrunn (Styles of), by T. Bury, Architect 2nd edition, with 

additional cuts la 6tf. 

B, 19. AacHiTKCTuai (Principles of Dssign in), by R L. Garbott, 

Architect, 2 rob. 2a 

0, 21. Pnaaraonrs, by G. Pyns, Artist, 2 rola 3rd sdition 2a 

X Buianino, Art of, by E. Dobson, C.E. 2nd sdition ...» la 

8. 24. Beics-mariko, Tilr-mariko, Ac., Art of, by the asms, 2 role. 2a 

5, 28 . ^A rt oi^ by^tbs mine, with iUus- ^ 

7, 28. Pamtino, Art of, or s Gnsnaun or Colouris*, by George 

FbM,E»*,2Tola. 2a 

9. Dbumm Districts asm Lam, Art of, by 0. R Dempsey, GB. • la 

8. Dnsimso asn Sswsos op Towns ann Bcilmpos, Art of; by 

G. R Dempsey, C.R ........ la 8£ 

1. WaHinuw aim Bonus, Art of; by G. R Burnett, CLR End 

sdition U 

X Uss oo InsnoMsvm, Art of the, by J. F. H e afhm , 1UL 3rd edition la 

8, Gemncnno Cmaxm, Art of, by J. Glynn, FJI&, CLR . la 

4. tans Boom, Itndn on flh^ by Dr. laiter • . • • la 
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_ RUDIMENTARY WORRf. 

36,} $7, 38, 39. Dictionary or Terms used by Architect*, Bidders, 

I Civil Slid Mechanics] Engineem, Surveyor*, Artist*, Ship-builder*, 

4 vols. « 4*. 

10. Glass-Stainino, Art of, by Dr. M. A. Gestert .... 1*. 

11. Pasntino on Glass, E**sy on, by E. 0. From berg . . • . Is. 

IS. Coytaos Building, Treatise on, 2nd edition 1*. 

43. Tubular and Girdsr Bridges, and others. Treatise on, more 

particularly describing the Britannia and Conway Bridges, with 
Experiments Is. 

44. Foundations, dec., Treatise on, by B. Dobson, C.E. . • la* 

4 ft. | L imbs. Cement*. Mortars. Concrete. Mastics, dtc.. Treatise on. 

O WL I. JliuSSll, LI. . U, 

46. OoM.TB.om.. amd Rifaibimo Common Road., Treat!*. on th. 

Art of, by H. Law, C.B Is. i 

47 f 48, 49. Construction and Illumination of Lighthouses, * 
Treatise on the, by Alan Stevenson, C.E., 3 vols. • . . . 3s. , 

30. Law of Contracts for Works and Services, Treatise on the, 

by David Gibbons, Esq It. 

ftl, 32, 53. Naval Architecture, Principles of the Science, Treatise 

on, by J. Peake, N. A., 3 vols . 3s* 

64, Masting, Mast-making, and Rigging of Ships, Treatise on, by 

R. Kipping, N. A. lt.6d» 

65, 30. Navigation, Treatise on : the Sailor’s Sea-Book. — H ow to 

keep the log and work it off — Latitude and longitude — Great Circle 
Sailing— Law of StOrms and Variable Winds: and an Explanation 
of Terms used, with coloured illustrations of Thgs, 2 vols. . . 2s. 

67, 68. Warming and Ventilation, Treatise on the Principles of the 

Art of, by Chat. Tomlinson, 2 vols 2s. 

69. 8tbam Boilers, Treatise on, by R. Armstrong, C.E. .1*. 

60, 61. Land and Engineering Surveying, Treatise on, by T. Baker, 

C.E., 2 volt. ' 2s. 

62. Railway Details, Introductory Sketches of, by R. M. Stephenson, 

C.B Is* 

63, 64, 65. Agricultural Buildings, Treatise on the Construction of, .. 

on Motive Powers, and the Machinery of the Steading; and on * 
Agricultural Field Engines, Machines, and Implements, by G. H. 
Andrews, 3 vols. . • • • 3s. 

46. Clay Lands and Loamy Soils, Treatise on, by Prof. Donaldson, AJL Is. 
67, 68. Clock and Watch-making, and on Church Clocks, Treatise 

on, by B. B. Deaieon, M. A* 2 vols. 2s. 

66, 70. Music, Practical Treatise on, by C. C. Spencer, 2 vols. 2s. 

TI. Piano-Forte, 1 Detraction for Playing the, by the same . Is. 

72, 73, 74, 75. Recent Fossil Shrlus, Treatise (A Manual of the 

MeUnecs) on, by Eamnal P. Woodward, and Ufostrations, 

4 vnla. 4s. 

'Ill 77. DBSCRivrtvB GnoMETST, Treatise on, by J. F. H e ath e r, KA, 

2 vok. ts. 

'77*. Eoonomt ou Furl, Treatise on, part Marly with r e f s r en ei In Bo- 
um b m al ory FuraacM for fee Manufacture cf Iron and Stasm 
BMtea. bar T. S. Prii sa nt . Ian. U 
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78, 78. Srni is imiio to Gkhiiai Pditoui mo Locokocits 

Bminb, Tmtise on, by J. SsweU, CJL, 12 vote. . • . 8s. 

78* Rcdihkhtabt Work oh PnoroouraT, containing full Instruction* 
in the Art of producing Photographic Picture* on an; malariil 
nod in an; colour ; and alio Tables of tbs Com position and Pro- 

Kocsssos. By Dr. H. Hsllsor, of Bsrlin. Tranalatsd°fr£n* > ths 
^ Gorman, by tbs adrios of Boron A. Ton linmboldt, by Dr. Strauss In 
80, 81. Mamina Eaoinm, and on ns Scarw, Ac., Trsatiss on, by R. 


Murray, C.E* 8 to4s. 8a 

r 80*, 81*. Embahkiho La km noi m Ska. the Practice of, treated os 
a Moons of Profitable Employment of Capitol, by John Wiggins, 

F .GA, Land Agent and Surveyor, 12 Tola. 8a 

'88, 83*. Poem or Watsb, aa apturd to Dsitb Faoua-Miua, 

, Treatise on the, by Joseph Glynn, F.RJS., C.E, .... 3a 
, 88. Booa-Kaariaq, Trsatiss on, by Jamas Haddon, M. A. ... la 
82**, 88*. Coal Gas, Practical Trsatiss on the Manufacture and Dietri- 

Jntioo of, by Samuel Hughes, C.B., 3 toIs. 3a. 


83* ».l ConernocTi on or Locks. Treatise on the, with illustrations . la 6 <L 

88 MaPmnctruEi or nut Foam or Sutra ano Boats, by W. 

Bland, Esq. la 

^84. Ammuunc, Elementary Treatise on, the Theory, end numerous Ex- 
amples for Prsctioe,and for Self-Examination, by Prof. J. R. Young laOd 
^84*. Kit to the above, by Prof. J. R. Young • la 6dL 

'85. XquATiOHAL A atm nunc t Questions of Int e n se , Annuities, and 

m General Commerce, by W. Hipstey, Esq. la 

o6, 97. Alossea, Elements of, for the use of Schools and Self-lnstroo- 

tion, by James Haddon, M.A., 3 vok. 8a 

88, 88. Gbouxtut, Principles of, by Henry Lew, C.E., 8 rok . • 3a 

80. Gkouktet, Ahalttical, by James Hsnn la 

81, 88. Ptans a hd SraxaiCAL TmcoHonsmT, Treatises on, by tbs 

, same, 3 rob. 8a 

88. MxnsnaanoH, Elements and Practice of, by T. Baker, C.E. . la 

’ 84, 85. LoQAarrnMR Treaties on, and Tables for facilitaaog Astrono- 
mical, Nautical, Trigonometrical, end Logarithmic Ca l cul a t i on^ by 

H.Uw,C.R,3ToIa 8a 

P 86L Poruian AsnoKour, Elementary Treatise on, by the Rer. Robert 

Main, M.R.AS. la 

*87. Statics a HD Dthauio, Principles and Practice of, by T. Baker, C.E. la 

*88, 88*. Mecuaeisu, amd Pbactical Coamoen o* or Macatna^ 

Elements of, by tbs suns, 3 role, 8a 

88, 100. Nautical Asraosour ahd Natioatioh, Theory and Practise 

of, by H. W. Jeans, RN.C, Portsmouth, 3 vok 3a 

181. DirrauanmL Calculus, by W. 8. B. W pothouse, F.EAA • la 

101 Ietmeal CitWLk by U pmen h i n i Cox, NLA. la 

101 lrooEAL Calculus, Csis s tiou of Examplss of dm, by James Ha— U. 

184, DmuemiL C i i o ul us, CoBs cti o u of Fiamfdas of the, by J. 

Haddon, M.A. . U 

181 Attain, Gaouarmr, ajtd Tejoohootst, First Mawn cadm l 

Lavas fo,t? the Rer. Thsmas Psuyngtoa Kirkmsa, M. A. >.«. 
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JOHN WEALE'S 

BUDDCENTART WORK* 


OV IBVOATZOVA& WOtXI| 

OE 

Volumes intended for Public Instruction and for Reference: 


The publio favour with which the Rudimentary Works on scientific subjects hers 
been received induces the Publisher to commence a New Series, somewhat different 
In character, but which, it is hoped, may be found equally serviceable. The 
Dictionaeiks of the Modeen Languaoks are arranged for facility of reference, 
so that the English traveller on the Continent and the Foreigner in England may 
find in them an easy means of communication, although pos se ssing but a slight 
acquaintance with the respective languages. They will also be found of essential 
service for the desk in the merchant's office and the counting-house, and mors 
particularly to a numerous olsas who arc anxious to acquire a knowledge of 
languages so generally used in mercantile and commercial transactions. 

The want of small and concise Grkek and Latin Dictionaries has long been 
felt by the younger students in schools, and by the classical scholar who requires 
a book that may be carried in the pocket ; and it is believed that the present is 
the first attempt which has been made to offer a complete Lexicon of the Greek 
Language in so small a compass. 

In the volumes on Enoland, Greece and Rome, it is intended to treat of 


History ss a Science, and to present in a connected view an analysis of the large 
and expensive works of the most highly valued historical writers. The extensive 
circulation of the preceding Series on the pure and applied Sciences amongst 
students, practical mechanics, and others, affords conclusive evidence of the 


desire of our Industrious classes to acquire substantial knowledge, when placed 
within their reach ; and tliis has induced the hope that the volumes on History 
will be found profitable not only in an intellectual point of view, but, which is of 


■till higher importance, in the social improvement or the people ; for without 
a knowledge of the principles of the English constitution, and of those events 
which have more especially tended to promote our commoreial prosperity and 
political freedom, it is impossible that a correct judgment can be formed by tbs 
mass of the people of the measures best calculated to increase the national 
welfare, or of die character of men best qualified to represent them in Parliament ; 
nnd this knowledge becomes indispensable in exact proportion as the elective 
franchise may be extended and the system of government become more under 
the influence of public opinion. 

The scholastic application of these volumes has not bsen overlooked, and a 
comparison of the text with the examinations for degrees given, will show their 
Eppucability to the oourse of historic study pursued in the Universities of 
Cambridge and London. 1 


1, 2. Constitutional Hjstoey or Enoland, 3 vole, by W. D. Hamilton fin 


8, 4* ■■■ — ' ■ ■ down to Victoeia, by the ^ 

8. Outline or ns Hnmr or Gekbcs, by the earns 1a 

f . " ■ so is EBOOKine a Rohan 

Peottnce, by the asms It. fid. 

7. Outline Histoet or Bomb la 

i, go the Decline „ , .lt.6dL 



NEW LIST OP WORKS. 


JUH>! 1MEKTAAY WOUU. 

9i 10. A Chbomoloot or Citil and Ecclbiastical Hirort, Liters* 
rvti, Science, and Art, from the earliest time to a let* period, 

2 role, by Edward Lew. ........ 2s. 

11. Grammar or tbs Enolisu Lanouaob, for on in Scbooii end for 

Private Instruction, by Hyde Clarke, E*q., D.C.L . 1*. 

12, 12. Dictionart or the English Language. A new end comp w e e d 
Dietiouanr of the luiglifdi Tongue, aa SjKjken end Written, including 
above 100,000 word*, or 50,000 more tliea in eny existing work, 
end including 10,000 additional Meanings of Old Words, 2 role. 


in ), by the seme 3s. OdL 

14. Ghammar or tub Greer Lanouaob, by 11. C. Hamilton . 1 a. 

15, 16. Dictionaby of tub Greek and English Languages, by 11. R. 

Hamilton, 2 vols. in 1 2a. 

17, 18. Enoush and Grbbk Languages,? tola, in 1, 

by the seme 2 a. 

19. Grammar or thk Latin Lanouaob 1a. 

20, 21. Dictionary or tub Latin and Enolisu Lanouaob ... 2a. 

22,23. English and Latin Lanouaob . . .1a.6cL 

24. Grammar or ths Frbncu Language, by Dr. Strauss, late Lecturer 

at Desan^n 1 a. 

25. Djctionaat or tub Frbncu and English Lanouaoes, by A. Elwes 1 a. 

26. English and Fiu.nch Languages, by the same 1 a. t'.d. 

27. Grammar or the Italian Language, by the same . ... 1 a. 

28, 29. Dictionary or tub Italian, English, and French Lanouaoes, 

by the same 2s* 

SO, 31. — ■ English, French, and Italian Languages, 

by the same 2s. 

32, 33. ' — — French, Italian, and Enolisu Languages, 

by the seine 2 a. 

34. Grammar or the Spanish Lanouaob, by the same . ... Is. 

35, 36. Dictionary or tub Spanish and English Lanouaob, by the 

same 2r. 

37, 38. — ■ ■ — English and Sfanisu Lanouaoes, by the 


39. Grammae or the German Lanouage, by Dr. Strauss ... Is. 

40. Classical German Reader, from the best Authors, by the same Is. 

41. 42, 43. Dictionaries or ths English, German, and French 

Languages, by N. E. S. A. Hamilton, 3 vols. 8a 

44,45. Dictionart or thr Hebrew and Enoush and Enoush and 
Hebrew Lanouaob, containing all the new Biblical and Rabbinical 
words, 2 role, (together with the Grammar, which may be had 
•epanlely fur Is.), by Dr. Brcselau, Hebrew Profeaaor 7s. 


Dohhric If BDtcurt ; or complete and comprehe uri vo Instructions for SelfeJd 
by simple and efficient Means for the P reser v atio n and Restoration of 
Health ; originally written by )L Rasped, and now fully translated and 
adapted to tbs use of tbs British public. Is. 6dL 



6 


JOHN WEALK'S 


7*. Galt amish, by Sir William Snow Harris • • It. 6 d. 

62. Railways, being tol.il. . ' It. 

75*. Supplement to Ricent aid Fossil Shells . . . * It. 64. 

76*. Rudimentary Treetise on Locomotive Ehoiicks . . . . li ( 

79*. Atlas to the preceding; examples of the setenl Engines in detail, 

4to . St. 64. 

8t***. On Watkb Woaks for the Supply of Towns, 3 tols. • • . 3c. 

66, 87*. Key to the Elements or Alocbea I* 64. 

101*. On Weights and Miasueis or all Nations . . • It. 64. 


THE WORK ON 


BRIDGES OF STONE, IRON, TIMBER, 
AND WIRE. 

In 4 Vols^ bound in 5, described in the larger Catalogue of Publications ; to 
which the following is tho Supplement, now completed, entitled 

SUPPLEMENT TO “THE THEORY, PRACTICE, AND 
ARCHITECTURE OP BRIDGES OP STONE, IRON, 
TIMBER, WIRE, AND SUSPENSION,” 

In one large 8vo tolnme, with explanatory Text and 68 Plates, comprising 
details and measured dimensions, in Parts as follows : — 


Part I. 

. 

. 

6c. 

r IL * . 

• 

• 

6c. 

* m. . . 

• 

• 

. 6c. 

* IV. . . 

• 

. 

* 10c. 

* V. ft VI. . 

. 

. 

. 20c. 


Bound in half-morocco, uniform with the larger work, price 2/. 10&, or in a 
different pattern at the same price. 


LUT OF 

Cast-Iron girder bridge, Ashford, Rye 
and Hastings Railway, 

Details, ditto. 

Elevation and plan Of tram of St 
Italy’s Viaduct, Cheltenham Rail- 
way. 

Iron md bridge over the Railway at 
Chalk Pam * 


PLATES* 

Mr. Fairbeirn’s hollow-girder bridge 
at Blackburn. 

Waterford and Limerick Railway 
* — •-« — 
onag*. 

Hollow-girder bridge over the River 
Medloek. 

Railway bridge mr lagnaee of 
Venke. 
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BRIDGES OF STONE, &C. 


VMnct at Beangeucy, Orleans and 
Toon Railway. 

Oblique cast-iron bridge, on the system 
of M. Polonceao, over the Canal St. 
Denis. 

Blackball Extension Railway, Com- 
mercial Road bridge. 

Ditto, enlarged elevation o f outside 
girders, with details. 

Ditto, details. 

Ditto, ditto, and sections. 

Ditto, ditto, ditto. 

Richmond and Windsor main line, 
bridge over the Thames. 

Ditto, details. 

Ditto, ditto, and sections. 

Orleans and Bordeaux Railway bridge. 

Ditto, sections and details. 

Rouen and Havre Railway timber bridge. 

Ditto, details. 

Ditto, ditto, and sections. 

Viaduct of the Valley of Malauncey, 
near Rouen. 

Hoop-iron suspension bridge over the 
Seine at Suresne, department de la 
Seine. 

Hoop-iron suspension foot bridge at 
AbainviUe. 

Suspension bridge over the Douro, iron 
wire suspension cables. 

Ditto, details. 

Glasgow and South-Western Railway 
bndge over the water of Ayr. 

Ditto, sections and details. 

Plan of the cities of Ofen and Pesth. 

Sections and soundings of the River 
Danube. 

Longitudinal section of framing. 

No. I coffer-dam. 

Transverse framing of coffer-dam. 

Sections of Not. 2 and 3 of coffer-dam. 

Plan of No. 3 coffer-dam and ice- 
breakers. 

Plan and elevation of the construction 
of the scaffolding, and the manner of 

tin dniM. 


line of soundings,— dam longitudinal 
sections. 

Dam sections. 

Plan and elevation of the Peath suspen- 
sion bridge. 

Elevation of Nos. 2 and 3 coffer-dams. 

End view of ditto. 

Transverse section of No. 2 ditto. 

Transverse section of coffer-dam, plan 
of the 1st coune, and No. 3 pier. 

Vertical section of Nos. 2 and 3 piers, 
showing vertical bond-stones. 

Vertical cross section of ditto. 

Front elevation of Nos. 2 and 3 piers. 

End elevation of ditto. 

Details of chains. Ditto. 

Ditto and plan of nut, bolt, and retain- 
ing-links. 

Plan anti elevation of roller-frames. 

Elevation and section of main blocks 
for raising the chains. 

Ditto, longitudinal section of fixture 
| pier, showing tunnel for chains. 

| P!..n and elevation of rruiuing-platea, 
showing machine for boring holes for 
retaining-hars. 

: Retaining link and bar. 

Longitudinal plan and elevation of cast- 
iron lx*am with truss columns. 

Longitudinal elevation and section of 
trussing, Ac. 

Plan of pier at level of footpath. 

: Detail of cantilevers for supporting the 
I balconies round the towers. 

Elevation and section of cantilevers. 

Detail of key-stone A Hungarian arms- 

Front elevation of toll-houses and wing 
nails. 

Longitudinal elevation of toll-house, 
fixture pier, wing wall, and podeitaL 

Vertical section of retatning-piers. 

Section at end of fixture pier, showing 
chain-fables. 

Lamp and pedestal at entrance of 
bridge. 

Lamp and pedestal at end of wing walls. 


Separately sold from the above in a volume, price half-bound in morocco £1. Ik 

An ACCOUNT, with Illustrations, of the SUSPENSION 
BRIDGE ACROSS the RIVER DANUBE, 

BY WILLIAM TIERNEY CLARK, C.E, F.B.8. 

Wilt Arty i 
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OIUT SZHlimON BUILDING. 

The BUILDING erected in HYDE PARK for the 
GREAT EXHIBITION of the WORKS of 
INDUSTRY of ALL NATIONS, 1851: 

Illustrated by 28 Urge folding Plates, embracing pUns, elevations, sections, and 
details, laid down to a Urge scale from the working drawings of the Contractors, 
Messrs. Fox, Hen demon, and Co., by Charles Downes, Architect; with a 
scientific description by Charles Cowfer, C.E. 

In 4 Parts, royal quarto, now complete, price £1. 10s., 
or in cloth hoards, lettered, price £1. 11s. 6 d. 

*** This work has every measured detail so thoroughly made out as to enabU 
the Engineer or Architect to erect a construction of a similar nature, either more 
or less extenaive. 


SIR JOHN RENNIE’S WORK 

THEORY, FORMATION, AND CONSTRUCTION 
OF BRITISH AND FOREIGN HARBOURS. 

Copious explanatory text, illustrated by numerous examples, 2 Vols., very neat 
in half-morocco, £18 

TTie history of the most ancient maritime nations affords con- 
clusive evidence of the importance which they attached to the 
construction of secure and extensive Harbours, as indispensably 
necessary to the extension of commerce and navigation, and to the 
successful establishment of colonies in distant parts of the globe. 

To this important subject, and more especially with reference to 
the vast extension of our commerce with foreign nations, the atten- 
tion of the British Government has of late year* been worthily 
directed; and as this may be reasonably expected to enhance the 
value of any information which may add to our existing stock of 
knowledge in a department of Civil Engineering as yet but imperfectly 
understood, its contribution at the present time may become generally 
uaefal to the Engineering Profession. 

The PUtes art executed by the be*t mechanical Engravers ; the Views Surly 
engraved under the direction of Mr. Pye : all the Engineering Plates nave f * 
l * m »» vritb every explanatory detail for prafenioia] use. 
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In octavo, cloth boutU, price 9*. 

HYDRAULIC FORMULAE, CO-EFFICIENTS, 
AND TABLES, 

For finding the Discharge of Water from Orifices, Notches, Weirs, 
Short Tubes, Diaphragms, Mouth-pieces, Pipes, Drains, Streams, 
and Rivers. 

BY JOHN NEVILLE, 

ARCRITBCT AND C. MEMBRA ROYAL IRISH ACADEMY, MEMBER INST. C.R. 
IRELAND, MEMBER GEOLOGICAL SOC. IRELAND, COUNTY SURVEYOR 0 ¥ 
LOUTH, AND OP THE COUNTY OP THE TOWN OP DEOGHEDA. 

This work contains above 150 different hydraulic formulae (the 
Continental ones reduced to English measures), and the most ex- 
tensive and accurate Tables vet published for finding the mean 
Telocity of discharge from triangular, quadrilateral, and circular 
orifices, pipes, and rivers ; with experimental results and co- 
efficients; — effects of friction; of the velocity of approach; and of 
curves, bends, contractions, and expansions; — the l»est form of 
channel; — the drainage effects of long and short weirs, 
and weir-basins; — extent of back-water from weirs; contracted 
channels; — catchment basins; — hydrostatic and hydraulic pres- 
sure; — water-power, &c. 


TREDGOLI) ON THE STEAM ENGINE. 

Published in 74 Part*, price 2 ». 6 4 . each, in 4 to, illustrated by very numerous 
engraviugt and wood cuts, a new and much extended edition, now complete in 
3 vols. bound in 4, in elegant half-morocco, price Nine Guineas and a Half. 

THE STEAM ENGINE, 

IN tTt PROGRESSIVE AND PRESENT STATS OF IMPROVEMENT; 

Practically and amply elucidating, in every detail, its modifications 
tod applications, its duties and consumption of fuel, with an 
investigation of its principles and the proportions of its parts for 
efficiency and strength ; including examples of British and American 
recently constructed engines, with details, drawn to a large scale, 

The well-known and highly appreciated Treatise, Mr. Tredgold’i 
wtfhml Work on the Steam Engine, founded on scientific prindjdes 
and compiled from the practice of the best makers — showing also 
easy rules for construction, and for the calculation of its power in 
all case* — has commanded a most extensive sale in the several 
English editions, and in Translations on the Continent. These 
editions bong now out of pint, the proprietor has been induced to 
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TEEDGOLD ON TBZ STEAM ENGINE. 

enlarge and extend the present edition by practical examples of all 
kinds, with the most recent improvements in the construction and 
practical operations of the steam engine both at home and abroad. 

The work is divided into the sections named below, either of 
which may be purchased separately : working engineers will be 
thus enabled to select those portions which more especially apply to 
the objects upon which they may be respectively employed. 

8everal scientific men, extensively and practically employed, have 
contributed original and really practical papers of the utmost utility ; 
by which the value of this extended edition is much increased. A 
copious Index for reference is added. 

Division A. Locomotive Engines, 41 plates and 55 wood-cots, complete, making 
Vol. I. In half-morocco binding, price £2. 12a. 6 d. 

Division B. Marins Engines, British and American, numerous plates and wood- 
cuts, making Vol. II. ; bound in 2 volt, half-morocco, price £3. 13a. 6 d. 

Division C to G. making Vol. III., and completing the work, comprising 
Stationary Engines, Pumping Engines, Engines for Mills, and several examples 
of Boilers employed in the British Steam Navy: in half-morocco, price 
£3. 13a. 6 d. 

LIST OP PLATES. 

DIVISION A. — LOCOMOTIVE ENGINES. 

Great Britain locomotive, includ- 
ing tender, with various loads and at 
various velocities ; also of the ad- 
ditional resistance in tbs. per ton of 
the train, when the engine is loaded, 
to be added to the resistance per ton 
of the engine and tender when un- 
loaded. 

Side and front elevation of an e xp re ss 
carriage engine, introduced on the 
Eastern Counties Railway by James 
Samuel, C.E., Resident Engineer. 
Longitudinal and cross section of ditto. 
Plan of ditto ; with plan and section of 

Elevation of the outaide-cylinder tank 
engine made by Sharpe Brothers k 
Co., of Manchester, for the Man- 
chester and Birmingham Railway, 
gndlm of cylinder and other parts, 
and pert elevation of ditto. 
Longtasdinai section of ditto. 

Plan of ditto. 

Transverse sections sf both and* with 
ssetionsl parts. 

Mr. Edward woods’ experiments mi the 
s ections of eld and 


Elevation of the 8-wheeled locomotive 
engine and tender, the Iron Durr, 
on the Great Western Railway. 

Longitudinal section of ditto. 

Plan, ditto. 

Transverse sections, ditto. 

Details of ditto: transverse section 
through working gear, transverse 
section and end view of tender ; plan 
and section of feed-pump ; plan and 
elevation of hand-pump ; details of 
inside framing, centre axle, driving 
axle-box, regulation-valve, centre- 
beam stay, Ac. 

Elevation of Cnunpton's patent loco- 
motive engine and tender. 

Tifingitwlinal section of ditto. 

Plan of ditto. 

Transverse sections of ditto. 

Kleution of the Ptracmon 8-wheeled 
Mods* engine on the Great Western 

Hk&pUnof the wetting gear of ditto, 

RUvatta of a portion of the waiting 
gear of ditto. 

Diagrams, by J. Bewail, L.B„ of re- 
afstanoee par ton of the train ; and 
pertkm of aagfams of the dam of the 
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tod Co.'s six-wheeled patent loeo- 


rtlm of locomotive engines,— viz. 
fig. 1. stroke commences; fig. 2, 
stew-port open ; fig. 3, steam-port 
open ; fig. 4 t steam-port open ; fig. 5, 
stroke completed, steam cot off, 
exhaustion commences ; fig. 6, stroke 
commences; fig. 7, steam-port full 
open ; fig. 8, steam cut off ; fig. 9, 
exhaustion commences; fig. 10, steam 
completed. 

Ditto, drawn and engraved to half-sise : 
fig. 1, old valve, ^inch lap ; fig. 2, 
i-inch lap; fig. 3,1-inch lap; fig. 4, 
1-inch lap, Gray's patent; fig. 3, 
1-inch lap. 

Elevation of a six-wheeled locomotive 
engine and tender, No. 15, con- 
structed by Messrs. Taylcur, Vulcan 
Foundry, Warrington, for the Cal*, 
donian Railway. 

Longitudinal section of ditto. 

Plan of ditto, engine and tender, with 
cylindrical part of boiler removed. 

Elevations of fire-box, section of fire- 
box, section of smoke-box, of ditto. 

Elevations and sectional parts of ditto. 

Sectional parts, half-plan of working 
gear, ditto. 

Elevation of Messrs. Robert Stephenson 


motive engine and tender. 

Longitudinal section of ditto. 

Plan and details of Stephenson's patent 
engine. 

Section of fire-box, section of smoke- 
box, front and back elevations of the 
same. 

Plan of a six-wheeled engine on the 
Birmingham and Shrewsbury Rail- 
way, constructed by Messrs. Bury, 
Curtis, and Kennedy, Liverpool. 

Longitudinal section of ditto. 

Sectional elevation of the smoke-box, ft 

Sectional elevation of the fire-box of 
ditto. 

Elevation of the locomotive engine and 
tender, Plkws, adapted for high 
speeds, constructed by Messrs. R. ft 
W. Hawthorn, of Newcastle-upon- 
Tyne, for the York, Newcastle, and 
Berwick Railway Company. 

Longitudinal section of ditto. This 
section is through the fire-box, boiler, 
and smoke-box, showing the tubes, 
safety-valve, whistles, steam and blast 
pipes, Ac. 

Plan of ditto. 


Plan of the working gear, details, fto. 
Forty-on* pinto* and fifty-five wood 


DIVISION B. — MARINE ENGINES, &C. 


Two plates, comprising figures 1, 2, 
and 3, Properties of Steam. 

Plan of H. M. screw steam fricate 
Dauntless, constructed by Robert 
Napier, Esq. 

Longitudinal elevation and transverse 
section of ditto. 

Longitudinal section at A B on plan, 
longitudinal section at C D on plan 
of onto. 

Engines of H. M. steam ship T annre i .a , 
constructed by Messrs. Maodslay, 
Sons, and Field, on the double- 
cyfinder principle. Longitudinal sec- 
tions of engines. 

Transverse section and end view of fttto. 

Transverse s e ct io n through baOen of 

Plan of engines, showing also botes, 


Oscillating engines of the Peninsular 
and Oriental Company's steam vessel 
Auiel, constructed by John Pefim 
and Sons. Longitudinal 
Section at engines of ditto. 

Section at boiler of ditto. 

Plan at boiler of ditto. 


Section at air-pump, and at cylinder. 

Annular cylinder engines ef tbs faun 
stew vessels Paines as Bar sad 
PaiMcsat Maude, constructed bgr 
Maudilay, Sons, and Field. LoagL 
todinal section. 

Transverse section at engines af ditto. 

Section at boilers of ditto. 

Plan of engines af dittos 
bankers, peddles, fte. 

Plan of engines of H. M. i 


Simoom, constructed by Jassos 
ft Co, of London aad Maw 
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Longitudinal section of the Simoon. 

Cross section of ditto. 

Engine of the Hu Bovin, side view 
and plan. 

Longitudinal section of ditto. 

Cross sections of ditto. 

Sheer draught and plans of v easel. 

Plan of the engine of H. M. steam frigate 
Paairix. 

Longitudinal section of engine of ditto. 

Cross section of ditto. 

Engine of the Roar steam vessel, ele- 
vation and plan. 

Sheer draught and plan of vessel. 

Plan of engine of the Wilmeforci, 
Hull and London packet. 

Cross section of ditto and vessel. 

Longitudinal section of engines of ditto. 

Elevation of engines of ditto. 

Engines of the Berenice, Hon. E. I. 
Co/s steam vessel. 

Section of ditto. 

Sheer draught and plan, stern view, 
and body plan of vessel. 

View of the Berenice, whilst at sea. 

Boilers of 11. M. ships Hermes, Smt- 
riaa, and Firefly. 

Kingston's valves, as fitted on board 
.sea-going vessels for blow-off injec- 
tion, and hand-pump sea valves. 

Boilers of H. M. steam vessel African. 

Morgan's paddle-wheels, as fitted in 
H. M. S. Medea. 

Side elevation of ditto. 

Plans of upper and lower decks of 
ditto. 

Sheer draught and profile of ditto. 

Morgan and Seaward's paddle-wheels, 
comparatively. 

Positions of a Boat of a radiating pad- 
dle-wheel in a vessel in motion, and 
positions of a float of a vertically 
acting wheel in a vessel in motion. 

Cycloidal paddle-wheels. 

Balling of steamers in five points from 

Experimental steaming and sitting of 
4m Caledonia, Vanguard, Asia, 
and Mura. 

Engines of H. If. steam ship Msomra. 

Bogina of tha steam heat Nnw World, 


T. F. Secor & Co., Engineers, Hew 
York. Elevation and section. 

Elevstions of cylinder and crank ends. 

8 team cylinders, plans, and sections. 

Details. 

Several sections of details. 

Details and sections. 

Details of parts. 

Plans and sections of condenser, bed- 
plates, sir-pump bucket, dec. 

Details and sections, injection valves. 

Details, plan and elevation of beams, 
die. 

Details, sections of parts, boilers, die. 
of the steam boat Nbw World. 

Sections, details, and paddles. 

Engines of the U. S. mail steamers Ohio 
and Georgia. Longitudinal section. 

Elevstions and crow sections of ditto. 

Details of steam-chests, side-pipes, 
valves, and valve gear of ditto. 

Section of valves, and plan of piston of 
ditto. 

Boilers of ditto, sections of ditto. 

Engine of the U. S. steamer Watrr- 
VVrrcH. Sectional elevation. 

Steam-chests and cylinders of ditto. 

Boilers, sections, dtc. of ditto. 

Boilers of the U.S. steamer Powhatan. 

Front view and sections of ditto. 

Elevation of the Pittsburg and Cin- 
cinnati American packet Buckrye 
State. 

Bow view, stern view. 

Plan of the Bucxxvx State. 

Model, dec. of ditto, wheel-house frame 
cross section at wheel-house, and 
body plan. 

Plan and tide elevation of ditto. 

Sheer draught and plan, with the body 
plan, of the U. S. steam frigate 
Saranac. 

Longitudinal section of ditto, ernes sec- 
tion. 

Engines of the U.S. steamer Susaun- 

HANNA. 

Elevation of the U.S. Pacific steam 
packet engine. 

Plan of ditto. 

BoUtia of ditto, end viewa. 

Ditto ditto. 


H fMyV * * ayrMfrya wm i e mtK 
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DIVISION C. TO G., 

STATIONARY ENGINES, PUMPING 

Side elevation of pumping engine, U. S. 
dock, New York. 

End elevation of ditto. 

Elevation and section of the pumps, 
ditto. — 2 plates. 

Boilers of pumping engines, ditto. 

Boilers, Details, die. of pumping engines, 
ditto. 

Plan of the boilers, ditto. 

Isometrical projection of a rectangular 
boiler. 

Plan and two sections of a cylindrical 
boiler. 

Brunton’s apparatus forfeeding furnace- 
fires by means of machinery. 

Parts of a high-pressure engine with a 
4 -passaged cock. 

Section of a double-acting condensing 
engine. 

Section of a common atmospheric en- 
gine. 

On the Oonstruction of pistons. 

Section of steam pipes and valves. 

Apparatus for opening and closing steam 
passages. 

Parallel motions. — 2 plates. 

Plan and elevation of an atmospheric 
engine. 

Elevation of a single-acting Boulton 
and Watt engine. 

Double-acting engine for raising water. 

Double-acting engine for impelling 
machinery. 

Maudslay’* portable condensing engine 
for impelling machinery. 

Indicator for measuring the force of 
•team in the cylinder, and diagrams 
of forms of vessels. 

Section of a steam vessel with its boiler, 
in two parts — diagrams showing fire- 
— longitudinal section through 
and fire-places. 

Isometrical projection of a steam-boat 

Plan and section of a steam-boat engine. 

Ten horse-power engine, constructed 
by W. Fairbairo and Co^-4 plates. 

Forty-five bone-power engine, con- 
•tracted b y W. Fairbairn 4 Co.— 

S pis t es. 

Plan and section of boiler for a tO-hone 


FORMING VOL. III. 

ENGINES, MARINE BOILERS, &C. 
engine, at the manufactory of Whit- 
worth & Co., Manchester. 

Messrs. Hague’s double-acting cylinder, 
with slides, Ac. 

Sixty-five-inch cylinder, erected by 
Maudslay. Sons, and Field, at the 
Chelsea Water-works.— & plates. 

Beale’s patented rotary engine. 

Double-story boilers of H.M.S. Divas* 
tation, 400 II. P. 

Refrigerator feed and brine pumps. 

Feed and brine apparatus, as fitted on 
board the West India Royal Mail 
Company’s ships. 

Boilers of 11. M. steam sloop Basilisk, 
400 II. P. 

Boilers of the Sinoapokk, 470 H.P., 
Peninsular and Oriental Company. 

Original double-story boilers of the 
Gekat Wrmtken. 

Telescopic chimney, or sliding funne*, 
of H. M. ship Hydra, 220 II. P. 

Seaward's patent brine and feed va!ves. 

Boilers of 11. M. mail packet Unpin a, 
(Miller, Ravenhill, A Co.) 100 H. P. 

Cross sections of engines of II. M. mail 
packet Undin*. 

Longitudinal elevation of ditto. 

Brine-pumpa as fitted on board H.M.S. 
Mkdsa, 220 II. P. (Maudslay, Sons, 
and Field.) 

Boilers ofll. M. S. Htdua, 220 H. P. 

Plan of the four boilers, with the sup- 
plementary steam-chests and ahut-ofT 
valves, of the Avknok*. 

Boilers of H. M. steam ship Nioaa, 400 
H. P., fitted by Maudslay, Sons, and 
Field. 

Experimental bmler, Woolwich Yard. 

Boilers of II. M. S. Tessi rls, 800 II. P. 
(Maudslay. Sons, and Field.) 

Boilers of tbe Mink and Tbaskk, 100 
II. P. (transferred to Waar.) 

Boilers of tbe Sami jw, 450 II. P. 

Daniel’s pyrometer, full size. 

Boilers of the Djkfskats, 400 H. P. 
(Maudslay, Sosa, and Field.) 

Boilers of the Niam (2nd plate). 

Boilers of 4LM.S. Baulks (lad 
plate). 

Boilers of the Unm 



14 


JOHN WEALE’S 


TREDGOLD ON THK STEAM ENGINE. 


Boilen of the Royal Mail steam ahipt 
Asia and Africa, 768 H.P., con- 
structed by R. Napier, Glasgow. 

Longitudinal and midship sections of 
ditto. 

Boilers of H.M.S. La Hoous, 450 H.P. 
(Seaward A Co.) 

H.M.S. Siooff, 560 H.P. Plan of 
telescope funnel. 

Boilers of H. M. S. Brisk, 250 H. P. 

Copper boilers for H. M. S. Sans- 
parbil, S50 H.P. (James Watt k 
Co.) 

American marine boilers, designed and 
executed by C. W. Copeland, Esq., 
of New York, as fitted on board the 
American packets. 

Midship section of the hull of the steam 
packet Pacific, New York and 
Liverpool line. 

Elevation of pumping engines of the 
New Orleans Water-works, U. S., ar- 
ranged and drawn by E. W. Smith, 
Engineer, constructed at the Allaire 
Works, New York. 

Elevation of pumps and valves, chests, 
gearing, Ac. 

Elevation at steam cylinder end. 

General plan of a turbine water-wheel 
in operation at Lowell, Massachusets, 
U.S., by J. B. Francis, C.E. 

Elevation of ditto. Section of ditto. 

Plan of the floats and guide curves, 
ditto. 


Large self-acting surfacing and screw, 
propeller lathe, by Joseph Whitworth 
k Co., Manchester. 

Longitudinal section, showing arrange- 
ment of engine-room for disc engine 
applied to a screw propeller, and 
Bishop’s disc engine, by G. k J. 
Rennie, with details. 

Arrangement of engine-room forengines 
of CO horse-power, for driving pro- 
pellers of 11. M. steam vessels Rey- 
nard and Cruiser, constructed by 
Messrs. Rennie. Longitudinal sec- 
tion and engine-room. 

Ditto. Transverse section at boQers 
and at engines. 

Very elaborate diagrams showing ex- 
periments and results of various pad- 
dle-wheels. — 8 plates. 

Steam flour-mills at Smyrna, con- 
structed by Messrs. Joyce k Co. 
Double cylinder pendulous condens- 
ing engine, side elevation. 

Side elevation, horizontal plan, ditto. 

Longitudinal section. 

Horizontal plan of mill-house and 
boilers. 

Transverse section through engine- 
house and mill. 

Boilers, longitudinal and transverse 
sections, front view. 

Section through mill-stones, elevation 
of upper part, section of lower part, 
plan of hopper, Ac. 


SUMMARY OF THE ILLUSTRATIONS. 

Plates. Wood-cate. 

Vol. I. Locomotive Engines 4! 55 

II. Marine Engines 85 51 

III. Stationary Engines, Pumping Engines, Engines 

for Flour-Mius, Examples of Boilers, Ac., Ac. . 100 58 

Total . . . 2*6 164 


FULL-LENGTH PORTRAIT OF 

HENRY CAVENDISH, F.R.S. 

Some few India paper prooft, bdon the letters, of thu celebrated 
PhDoeopher and Chemist, to be bad, price it . to. 
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HINTS 

TO 

YOUNG ARCHITECTS: 


COHPRBINQ 

ADVICE TO THOSE WHO, WHILE YET AT SCHOOL ARB DESTINED 
TO THE PROFESSION; 

TO SUCH AS, HAVING PASSED THEIR PUPILAGE, ARE ABOUT TO TRAVEL 

AND TO THOSE WHO, HAVING COMPLETED THEIR EDUCATION, 

ARE ABOUT TO PRACTISE; 


A MODEL SPECIFICATION; 

INVOLVING A GREAT VARIETY OF INSTRUCTIVE AND SUGGESTIVE MATTER, 
CALCULATED TO FACILITATE THEIR PRACTICAL OPERATIONS; 

AND TO DIRECT THEM IN THEIR CONDUCT, AS THE RESPONSIBLE 
AGENTS OF THEIR EMPLOYERS, 

AND AS THE RIGHTFUL JUDGES OF A CONTRACTOR'S DUTY. 

By GEORGE WIGHTWICK, Architect. 


CONTENTS 


Preliminary Hints to Young Archi- 
tects on the Knowledge of 
Drawing. 

On Senring hie Time. 

On Travelling. 

Hie Plate on the Door. 

Orders, Plan-drawing. 

On hie Taste, Study of Interior!. 
Interior Arrangements. 

Warming and Ventilating. 

House Building, Stabling. 

Cottages and Villas. 

Mtnfrl Specification 
General Clineee. 

F oundation*. 

W.U. 

ArtMcfcJ Tmta a uM . 

jeneswen. 


Model Specification : 

Stone-cutting. 

, Grecian or Italian only. 

, Gothic only. 

Miscellaneous. 

Slating. 

Tiling. 

Plaster and Cement-work. 
Carpenter*' Work. 

Joiners' Work. 

Iron and Metalwork. 

Plumbers' Work. 

Drainage. 

Welldigging. 

Artificial Level* Ccoowte, 
fnnnilsrtnns. Pffiag and 
PkmUng, Paving, Vaulting, 
BeHhaaging, Plambiag, and 


Bubble Masonry with Brisk BriMrig gansraDy. 


Extra rioth boards, prise 8s. 
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THE ENGINEER’S AND CONTRACTOR’S 
POCKET BOOK, 

WITH AN ASTRONOMICAL ALMANACK, 
REVISED FOR 1855-C. In morocco tuck, price 6«. 

CONTENTS. 

Air, Air in motion (or wind), and wind- 


Alloys for bronze ; Miscellaneous alloys 
and compositions ; Table of alloys ; 
Alloys of copper and zinc, and of 
copper and tin. 

Almanack for 1855 and 1856. 

American railroads ; steam vessels. 

Areas of the segments of a circle. 

Armstrong (R.), his experiment on 
boilers. 

Astronomical phenomena. 

Ballasting. 

Barlow's (Mr.) experiments. 

Barrel drains and culverts. 

Bell-hanger’s prices. 

Blowing a blast engine. 

Boilers and engines, proportions of; 
Furnaces and chimneys ; Marine. 

Bossut's experiments on the discharge 
of water by horizontal conduit or 
conducting pipes. 

Brass, weight of a lineal foot of, round 
and square. 

Breen (Hugh), his almanack. 

Bricks. 

Bridges and viaducts; Bridges of brick 
and stone; Iron bridges; Timber 
bridges. 

Burt's (Mr.) agency for the sale of pre- 
served timber. 

Cask and malt gauging. 

Cast-iron binders or Joints ; Columns, 
formuto of; Columns or cylinders, 
Table of diameter of; Hollow co- 
lumns, Table of the diameters and 
thickness of metal of; Girders, prices 
of; Stancheons, Table of, strength 
of. 

Chain, tables, weights, Ac. 

Chatham limestone. 

Chimneys, Ac., dimensions of. 

Circumferences, Ac. of circles. 

CoM, evaporating power oC and results 
of cokttf. 

Columns, casUroa, weight or pcese nr e 
cC strength o£. 


Comparative values between the pre- 
sent and former measures of capacity; 

Continuous bearing. 

Copper pipes, Table of the weight o£ 
Table of the bore and weight of cocks 
for. 

Copper, weight of a lineal foot of, round 
and square. 

Cornish pumping engines. 

Cotton mill ; Cotton press. 

Current coin of the principal commercial 
countries, with their weight and re- 
lative value in British money. 

Digging, well-sinking, Ac. 

Docks, dry, at Greenock. 

Draining by steam power. 

Dredging machinery. 

Dwarf, Table of experiments with 
II. M. screw steam teuder. 

Earthwork and embankments, Tablet 
of contents, Ac. 

Experiments on rectangular bars of 
malleable iron, by Mr. Barlow ; on 
angle and T iron bars. 

Fairbaim (Wm.), on the expansive 
action of steam, and a new construc- 
tion of expansion valves for condens- 
ing steam engines. 

Feet reduced to links and decimals. 

Fire-proof flooring. 

Flour-mills. 

Fluids in motion. 

Francis (J. B., of Lowell, Massachuscta), 
his water-wheel. 

French measures. 

Friction. 

Fuel, boilers, furnaces, Ac. 

Furnaces and boilers. 

Galvanized tin iron sheets in Leaden 
or Liverpool, list of gauges and 
weights of. 

Gas-tubing composition. 

Glynn (Joseph), F.R.S, oa tarfcfatf 

Hawksby (Mr, of Nottingham), hit 
experiments m pooping wafer. 

Heat, Tables of the c$scta ot 




NEW LIST OP WORKS. 

THE ENGINEER’S AND CONTRACTOR'S POCKET BOOK. 


Hexagon heads and suits for bolts, pro- 
portional sizes and weights of. 

Hick's rule for calculating the strength 
of shafts. 

Hodgkinson's (Eaton) experiments. 

Hungerford Bridge. 

Hydraulics. 

Hydrodynamics. 

Hydrostatic press. 

Hydrostatics. 

Imperial standard measures of Great 
Britain; Iron. 

Indian Nary, ships of war, and other 
vessels. 

Institution of Civil Engineers, List of 
Members of the, corrected to March 
15, 1852. 

Iron balls, weight of cut ; bars, angle 
and T, weight of ; casting* ; experi- 
ments; hoop, weight of 10 lineal 
feet; lock gates; roofs; tubes for 
locomotive and marine boilers ; 
weights of rolled iron. 

Ironmonger’s prices. 

Just's analysis of Mr. Dixon Robinson's 
limestone. 

Latitudes and longitudes of the principal 
observatories. 

Lead pipes. Table of the weights of. 

Leslie (J.), C.E. 

Lime, mortar, cements, concrete, Ac. 

Limestone, analysts of. 

Liquids in motion. 

Locomotive engines; Table showing 
the speed of an engine. 

Log for a sea-going steamer, form of. 

Machines and tools, prices of. 

Mahogany, experiments made on the 
strength of Honduras. [wheels. 

Mallet's experiments on overshot 

Marine boilers ; engines. 

Masonry and stone-work. 

Massachuaets railroads. 

Mensuration, epitome oi 

Metals, lineal expansion o t 

Morin's (CoL) experiments. 

Motion ; motion of water in riven. 

Kails, weight and length. 

Karim — of the United States; Indian 
Kavy | Oriental and Peninsular Com- 
pany; British Kavy; of Austria; 
Denmark; Naples; Spain; France; 
Germanic Confederation; Holland; 
Portugal; Prussia; Sardinia; Swe- 


den and Norway; Turkey; Russia 
Royal West India Mail Company's 
fleet. 

New York, State of, railroids. 

Numbers, Table of the fourth and fifth 
power of. 

Paddle-wheel steamers. 

Parobour (Count dc) and Mr. Parkes* 
experiments on boilers for the pro- 
duction of steam. 

Peacocke’s (R. A.) hydraulic experi- 
ments. 

Pile-driving. 

Pitch of wheels. Table to find the dia- 
meter of a wheel for a given pitch of 
teeth. 

Plutering. 

Playfair (Dr. Lyon). 

Preserved timber. 

Prices for railways, paid hy IT. M. 
Office of Works ; smith and founder's 
work. 

Prony's experiments. 

Proportions of steam engines and boil* 
ers. 

Pumping engines; pumping water by 
steam power. 

Rails, chain, Ac., Table of. 

Railway, American, statistics; railway 
and building contractor's prices ; car- 
riages. 

Rain, Tallies of. 

Raraniell's (T. W.) plan and estimate 
for a distributing apparatus hy fixed 
pipes and hydrants. 

Rennie's (Mr. Geo.) experiments; (the 
late J.) estimate. 

Roads, experiments upon carriages tra- 
velling on ordinary roads ; influence 
of the diameter of the wheels ; 
Morin's experiments on the traction 
of carriages, and the destructive ef- 
fects which they produce upon roads. 

Robinson (Dixon), bis experiments and 
material. 

Roofs ; covering of roofs. 

Ropes, Morin’s recent experiments on 
the itilhui of ropes; tarred ropes; 
dry white ropes. 

Saw-milL 

Screw steamers. 

Sewenl castings for* their estimates, 


18 


JOHN WE ALE’S 


tbs imum i and contractor's pocket book. 


SlgM and abbreviation uied in aritb- 
aittc » w ^ fiijpffiiioni 

Sitting. 

Sleepers, quantity in cubic feet, Ac. 

8tneaton’i experiments on wind-mills. 

Smith and founder's prices. 

Specific gravity, Table of. 

Steam dredging; Navigation; Tables 
of the elastic force ; Table of Vessels 
of war, of America ; of England ; of 
India ; and of several other maritime 
nations. 

Steel, weight of round steel. 

Stone, per lb., stone, qr., cwt., and ton, 
dec., Table of the price. 

Stones. 

Strength of columns ; Materials of con- 
struction. 

Sugar-mill. 

Suspension aqueduct over the Alleghany 
River; Bridge* over ditto. 

Table of ex|>eriments with II. M. screw 

» steam tender Dwarf ; of gradients ; 
iron roofs; latent heats; paddle- 
wheel steamers of H. M. Service and 
I'ost-Offlce Service ; pressure of the 
wind moving at given velocities; 
prices of galvanized tinned iron 
tube; specific heats; the cohesive 
power of bodies ; columns, posts, die., 
of timber and iron ; the comparative 
strength, size, weight, and price of 
iron-wire rope (A. Smith's), hempen 
rope, and iron chain ; corresponding 
velocities with heads of water as 
high as 50 ft., in feet and decimals ; 
dimensions of the principal partrof 
marine engines; effects of heat on 
different metals; elastic force of 
•team; expansion and density of 
water; expansion of solids by in- 
creasing the temperature ; expan- 
sion of water by heat ; heights cor- 
responding to different velocities, in 
French metres; lineal expansion of 
metals; motion of water, and quan- 
tities discharged by pipes of dif- 
ferent diameters; power of metals, 
dee-t pressure, Ac., of wind-mill sails; 
principal dimensions of 28 merchant 
steamers with screw propelled; of 
steamers with paddle- wheels; pro- 
rive, dilatation of metals by beet, 
\ piopcrtieo of roalto thoorsticn 


discharge throttgh thin-lipped oil. 
fices; quantities of water, in cubic 
feet, discharged over a weir per 
minute, hour, dec.; relative weight 
and strength of ropes and drains; 
results of experiments on the friction 
of unctuous surfaces; scantlings of 
posts of oak ; size and weight of iron 
laths; weight in lbs. required to crush 
li-inch cubes of stone, and other 
bodies; weight of a lineal foot of 
cast-iron pipes, in tbs. ; weight of a 
lineal foot of fiat bar iron, in tbs. ; 
weight of a lineal foot of square and 
round bar iron ; weight of a super- 
ficial foot of various metals, in lbs. ; 
weight of modules of elasticity of 
various metals ; velocities of paddle- 
wheels of different diameters, in feet 
per minute, and British statute miles, 
per hour ; the dimensions, cost, and 
price per cubic yard, of ten of the 
principal bridges or viaducts built 
for railways ; the height of the boil- 
ing point at different heights; — to 
find the diameter of a wheel for a 
given pitch of teeth, Ac. 

Tables of squares, cubes, square and 
cube roots. 

Teeth of wheels. 

Temperature, the relative indications o i, 
by different thermometers. 

Thermometers, Table of comparison of 
different. 

Timber for carpentry and joinery pur- 
poses; Table of the properties of 
different kinds of. 

Tin pistes, Tsble of the weight of. 

Tools and machines, prices of. 

Traction, Morin's experiments on. 

Tredgold'i Rules for Hydraulics, from 
Eytelwein’s Equation. 

Turbines, Report on, by Joseph Glynn 
and others. 

Values of different materials. 

Water-wheels. 

Watson's (H. H.) analysis of limestone 
from the quarries at Chatham. 

Weight of angle and T iron bon; of 
woods. 

Weights and measures. 

West India Royal MaU Company. 

WhfteUw's experiments on tmhina 
water- wheels. 
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Whit.'. (Mr., of Cower) experiment) Wind-mill) ; of nir, air ia motion, 4c. 

on Honduras mahogany. Woods. 

Wickstoed’s (Thos.) experiments on Wrought iron, prices of. 
the evaporating power of different Zinc as a material for use in home- 
lands of coal. building. 


In one Volume 8ro, extra cloth, bound, priee 9s. 

THE STUDENT’S GUIDE TO THE PRACTICE 
OF DESIGNING, MEASURING, AND VALUING 
ARTIFICERS’ WORKS; 

Containing Directions for taking Dimensions, abstracting the same, 
and bringing the Quantities into Bill ; with Tables of Constants, 
and copious memoranda for the Valuation of Labour and Materials 
in the respective trades of Bricklayer and Slater, Carpenter and 
Joiner, Sawyer, Stonemason, Plasterer, Smith and Ironmonger, 
Plumber, Painter and Glazier, Paper-hanger. Thirty-eight plates 
and wood-cuts. 

The Measuring, &c.» edited by Edward Dobson, Architect and 
Surveyor. Second Edition, with the additions on Design by 
E. Lacy Garbett, Architect. 

CONTENTS. 

Pekliminabt Observations on Dk- Abstracting Bricklayers’ and Tilers’ 
signing Artificers’ Wores. work. 

Preliminary Observations on Men- Example of bill of Bricklayers' and 

surement. Valuation, Ac. — On roes- Tilers' work, 

suring — On rotation therein — On Valuation of Bricklayers’ work, 

abstracting quantities — On vsluation Birth work. Concrete, dtc. 

— On the use of constants of labour. Table of sizes and weights of vari- 

ous articles— Tallies of the numbers 
BRICKLAYER AND SLATER. of bricks or tiles in various works— 

Design or Bricewore — technical Valuation of Diggers' ami Bricklayers’ 

terms, Ac. labour— Table of Constants for said 

Foundations — Arches, inverted labour, 

and erect— Window and other aper- Examples or Valuiwo. 
ture heads— Window jambs— Plates I- A yard of concrete*— 2. A rod 

and internal eormccs — String- of bricksrork.— 3. A foot offering. — 

courses- External cornices— Chim- 4. A yard of paving.— 5. A square of 

My shafts— On general improvement tiling. 

of brick architecture, especially fo- Design, Measurement, ano Valo* 
Mrtrstion. ation or Slating. 

CARPENTER AND JOINER. 

offerings, Ac. Design or Carfewtet — technical 

Dbsiom or Tiling, and techskalterma. terms, Ac. 

Measurement of Tiling— Example Brestsammcn, an ahuaet substi- 

oftbe mode of keeping the measuring- tatea for thsm— Jofets, trfmmare, 

book for brickw or k. t riamda g- j ri ri a Oir da ri , their share 
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DlUOVlIfGi MEASURING, AMD 

and right use — Substitutes for girders 
and quarter-partitions — Quarter-par- 
titions — Roof-framing-— Great waste 
in present common modes of roof- 
framing — To determine the right 
mode of subdividing the weight, and 
the right numbers of bearers for 
leaded roofs — The same for other 
roofs— Principle of the truss— Con- 
siderations that determine its right 
pitch — Internal filling or trueery of 
trusses — Collar-beam trusses — Con- 
nection of the parts of trusses — Vari- 
ations on the truss; right limits 
thereto— To avoid fallacious trussing 
and roof-framing— Delorme’s roof- 
ing ; its economy on circular plans — 
Useful property of regular polygonal 
Ians — On combinations of roofing, 
ips, and valleys — On gutters, their 
use and abuse — Mansardc or curb- 
roofs. 

Drbign of Joinket — technical terms, 
&c. 

Modes of finishing and decorating 
panel-work — Design of doors. 

Mkasurkmknt of Carpenters’ and 
Joiners’ work — Abbreviations. 

Modes of measuring Carpenters’ 
work— Classification of labour when 
measured with the timber — Classifi- 
cation of labour and nails when mea- 
sured separately from the timber. 

Examples of Measurimbnt, arch 
centerings. 

Bracketing to sham entablatures, 
gutters, sound - boarding, chimney* 
grounds, sham plinths, shsm pilas- 
ters, floor-boarding, mouldings — 
Doorcases, doors, doorway linings — 
Dado or surbase, its best construc- 
tion — Sashes and sash-frames (ex- 
ample* of measurement) — Shntten, 
boxings, and other window fittings 
— Staircases and their fittings. 

Abstracting Carpenters’ and Joiners* 
work. 

Example of Bill of Carpenters' and 
Joiners’ work. 

Valuation of Carpenters' and Joiners* 
work, Memoranda. 

Tablet of numbers and weights. 
of CoiraTAjrra of Labour. 
i, naked floors— Qnarter-par- 


V ALU IMG ARTIFICERS* 'WORKS. 

titions — Labour on fir, per foot cube 
— Example of the valuation of deals 
or battens — Constants of labour on 
deals, per foot superficial* 

Constant! of Labour, and of nails, 
separately. 

On battening, weather boarding — 
Rough boarding, deal floors, batten 
floors. 

Labour and Mails together. 

On grounds, skirtings, gutter^ 
doorway-linings — Doors, framed par- 
titions, mouldings — Window-fittings 
— Shutters, sashes and frames, stair- 
cases — Staircase fittings, wall-strings 
— Dados, sham columns and pilasters# 

Valuation of Sawtxrs’ work. 

MASON. 

Design of Stonemasons' work. 

Dr. Robison on Greek tnd Gothic 
Architecture — Great fallacy in the 
Gothic ornamentation, which led Mso 
to the modem ‘monkey styles ’ — 

* Restoration ’ and Preservation. 

Measurement of Stonemason’s work. 

Example of measuring a spandril 
step, three methods — Allowance for 
labour not seen in finished stone — 
Abbreviations — Specimen of the 
measuring-book — Stairs — Landings 
— Steps— Coping — String-courses — 
Plinths, wiudow-sills, curbs — Co- 
lumns, entablatures, blockings — 
Cornices, renaissance niches. 

Abstracting and Valuation. 

Table of weight of stone — Table 
of Constanta of Labour — Example 
of Bill of Masons* work. 

PLASTERER. 

Design of Plastke-work in real 
and mock Architecture. 

Ceilings and their uses— Unne- 
cessary dis e as e and death traced to 
their misconstruction — Sanitary re- 

J uirements for a right ceiling — Con- 
itioas to be observed to render do- 
mestic ceilings innoxious — Ditto, for 
ceilings of public buildings— Bar- 
barous shifts n eces s it a ted by wru^ 
eeUinf — Technical forma is Plas- 
terers work. 

Measurement of Piaster-work. 
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Abbreviations — Abstracting of 
Plaatereia* work — Example of Bill 
of Plasterers* work. 

Valuation. 

Memoranda of quantities of ma- 
terials — Constants of Labour. 

SMITH AND FOUNDER. 

On trb Use of Metal-work in 
Architecture. 

Iron not rightly to be used much 
more now than fn the middle ages — 
Substitutes for the present extrava- 
gant use of iron — Fire-proof (and 
sanitary) ceiling and flooring— Fire- 
proof roof-framing in brick and iron 
— Another method, applicable to 
hipped roofs — A mode of untrussed 
roof-framing in iron only — A prin- 
ciple for iron trussed roofing on any 
plan or scale — Another variation 
thereof — On the decoration of me- 
tallic architecture. 


Measurement of Smiths* and Foun- 
ders’ work. 

PLUMBER. PAINTER, 
GLAZIER, Ac. 

Design, Ac. of Lead-work. 

Measurement of Paint-woee — 
Abbreviations. 

Specimen of the measuring-book 
— Abstract of Paint-work— Example 
of Bill of Paint-work. 

Valuation of Paint-work. 

Constants of Labour — Measure- 
ment and Valuation of G lasing — 
Measurement and Valuation of 
Paper-hanging. 

APPENDIX ON WARMING. 

Modifications of sanitary construction 
to suit the English open fire — 
More economic modes of warming in 
public buildings — Ditto, for private 
ones— Warming by gat. 


In 12mo., price 5s. bound and lettered, 

THE OPERATIVE MECHANIC’S WORKSHOP 
COMPANION, AND THE SCIENTIFIC 
GENTLEMAN’S PRACTICAL ASSISTANT; 

Comprising a great variety of the most useful Rules in Mechanical 
Science, divested of mathematical complexity; with numerous 
Tablet of Practical Data and Calculated Results, for facilitating 
Mechanical and Commercial Transactions. 

BY W. TEMPLETON, 

AUTHOR OF SEVERAL SCIENTIFIC WORE#. 

Third edition, with the addition of Mechanical Tablet for the use 
of Operative Smiths, Millwrights, and Engineers; and practical 
directions for the Smelting of Metallic Ores. 


t Toil. 4to, price £ 2. lflt^ 

CARPENTRY AND JOINERY; 

Containing 190 Plates ; a work suitable to Carpenters and Builders, 
^ ^ri mj^Beinentaiy and Practical Carpentry, useful to Artificers 
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THE AIDE-MEMOIRE TO THE MILITARY 
SCIENCES, 

Framed from Contributions of Officers of the different Services, and 
edited by a Committee of the Corps of Royal Engineers. Hie 
work is now completed. 

Sold in 8 tola. £ 4. 10*., extra cloth board* and lettered, or in 6 Parts, as follows t 

£. f. 4. 

. 0 14 0 


Part L A. to D., wnw edition 

II. D.toF. . . . 

HI. F.toM. . 

IV. M. to P. 

V. P. toR. 

VI. R. to Z. 


0 1G 
0 16 

0 14 
0 16 

1 0 


£4 16 0 


la 1 large Volume, with numerous Tables, Engravings, and Cuts, 

A TEXT BOOK 

For Agents, Estate Agents, Stewards, and Private Gentlemen, 
generally, in connection with Valuing, Surveying, Building, 
Letting and Leasing, Setting out, disposing, and particularly 
describing all kinds of Property, whether it be Land or Personal 
Property. Useful to 

Auctioneers Assurance Companies Landed Proprietors 

Appraisers Builders Stewards 

Agriculturists Civil Engineers Surveyors 

Architects Estate Agenta Valuers, Ac. 


la 1 *oL large 8vo, with 13 Plates, prioe One Guinea, ia half-morocco binding, 

MATHEMATICS FOR PRACTICAL MEN: 

Btm^a Common -Plsce Book of PURE AND MIXED MATHE- 

designed chiefly for the use of Civu'lingineeri, Architects, sad 
Swreyor*. 

BY OLINTHUS GREGORY, LL.D., F.R.A.8. 

Third Editioa, revbed tad eaUrpri by HENRY LAW, CItU Knjioeer. 


CONTENTS. 


PART I.— PURE 


osArram iw— AimiMim. 


% A ddW a a of whotoonabm. 

S. Sub tracti on of whole otmben. 
4.MultipUo*faa of whole Humbert. 


MATHEMATICS. 


Srgt. 

6. Division of whole numbers. — 
Proof of the first four rake of 
Arithmetic. 


6. Vulgar fraction.—. 
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subtraction of vulgar fractions. 
— Multiplication and division. 
at vulgar fractions. 

7. Decimal fraction*. — Reduction at 
decimals. — Addition and sub- 
traction at d eci m al*.— Multiple 
cation and division of decimals, 
fi. Complex fractions used in the arts 
and commerce. — Reduction. — 
Addition. — Subtraction and 
multiplication. — Division. — 
Duodecimals. 

9. Powers and roots.— Evolution. 

10. Pfoportion.<*~Rule of Three. — De- 

termination of ratios. 

11. Logarithmic arithmetic. — Use of 

the Tables. — Multiplication and 
division by logarithms. — Pro- 
portion, or the Rule of Three, 


tact. 

— 3. Of triangles. — 4. Of qua- 
drilaterals and polygons.— A. Of 
the circle, and inscribed and cir- 
cumscribed figures. — 6. Of plans 
and solids. — 7. Practical geo- 
metry. 

ciArm nr.— MEKaomATioH. 

1. Weights and measures. — 1. Mea- 

sures of length.— 2. Measures 
of surface.— 3. Measures of so- 
lidity and capacity. — 4. Mea- 
sures of weight. — 5. Angular 
measure. — 6. Measure of time. 
— Comparison of English and 
French weights and measures. 

2. Mensuration of superficies. 

3. Mensuration of solids. 


12. Properties of numbers. 

ch A rran u. — alokisa. 

L Definitions and notation. — 2. Ad- 
dition and subtraction. — 3. Mul- 
tiplication. — 4. Division. — 5. In- 
volution. — 6. Evolution. — 7. 
Surds. — Reduction. — Addition, 
subtract ion, and multiplication. 
— Division, involution, and evo- 
lution. — 8. Simple equations. — 
Extermination. — Solution at 
general problems. — 9. Quadratic 
equations. — 10. Equations in 
general. — 1 1. Progression. — 
Arithmetical pro g r ession. — Geo- 
metrical progression. — 12. Frac- 
tional and negative exponents.— 

13. Logarithms.- 14. Computa- 
tion of formulae, 
cn Arran it i. — okomxtst. 

1. Definitions. — 2. Of angles, and 
right tinea, and their rectangles. 

PAET II.— MIXED 
CMArrsau— MSCHAWtcnnrotuinaL. | 

cuarran u. — statics* 

1. Statical eqirffifarium. 

S. Centra of gravity. 

S» General application at the prind- 
flm ef statics to the eqmhhrium 


Tables. — 3. General proposi- 
tions.— 4. Solution of the cases 
of plane triangles. — Right-an- 
gled plane triangles. — 5. On the 
application of trigonometry to 
measuring heights and distances. 
—Determination of heights and 
distances by approximate me- 
chanical methods. 

enema at.— conic sections. 

1. Definitions.— 2. Properties of the 
ellipse. — 3. Properties of the hy- 
perbola. — 4. Properties of the 
parabola. 

enema ▼«. — raopaanna or 

ctmvua. 

1. Definitions. — 2. The conchoid.— 
3. The ciasouL— 4, The cycloid 
and spicy doid. — 3. The quadra- 
trix. — 6. The catenary.— Rela- 
tions of Catenarian Carves. 

MATHEMATICS. 

of a trac tar t a — Equilibrium of 
pten or abutments. — Prmsnro 
of earth against walls.— Thicks 
nom of wj£- Equilibrium of 
MWaj of urchm. 
of 
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CHAPTER III. — DYNAMICS. 

1. General Definitions. 

2. On the general laws of uniform 

and variable motion. — Motion 
uniformly accelerated.— Motion 
of bodies under the action of 
gravity.— Motion over a fixed 
pulley, and on inclined planet. 

2. Motions about a fixed centre, or 
axia.— Centres of oscillation and 
percussion. — Simple and com- 
pound pendulums. — Centre of 
gyration, and the principles of 
rotation. — Central forces. 

4. Percussion or collision of bodies 

in motion. 

5. Mechanical powers. — Levers. — 

Wheel A axle. — Pulley. — In- 
clined plane.— Wedge and screw. 

CHAPTER rv. — HYDROSTATICS. 

I. General Definitions. — 2. Pressure 
and equilibrium of Non-elastic 
Fluids.— 3. Floating Bodies. — 
4. Specific gravities. — 5. On 
capillary attraction. 

CHAPTER V.— HYDRODYNAMICS. 

1. Motion and effluence of liquids. 

2. Motion of water in conduit pines 

and open canals, over weirs, 
Ac. — Velocities of rivers. 

S. Contrivances to measure the velo- 
city of running waters. 
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APPENDIX. 

Tabla of Logarithmic DUtoences. 

Table «f Logarithm of N ambtr a, from l to let. 

Tshlo of Lo ga rith m Nombon, from iss to is.tei. 

Table of Logarithttk Siam, Ttagaou, Seeaota, Ac. 

TaMa of VmAA Fhetoia, uteadhig to amral place* of Decimole. 
Tahjoofirariott, UaMul Nemben.with their Logarithm. 
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